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Thermal Conductivity of the Elements 

C. Y. Ho I R. W. Powell, and P. E. Liley 

Thermophysical Properties Research Center, Purdue University, West Lafayette, Indiana 47906 

This is the abridged version of a comprehensi ve volume on the thermal conductivity of the elements. 
11 contain!' recommended reference values resulting from critical evaluation. analysis. and synthesis 
of a11 the available data. It also gives estimated values for those element!:' for which no thermal conduc· 
tivity data are available. Thus. the work nrovide!:' recommended or estimated thermal conductivity 
value!:' for all the elements over the fuil temperature ranges where experimental data are available or 
reliable extrapolations or estimatiom can be made. The results on each eiement are presented in both 
graphical and tabular forms. Summary graphs arranged by group in the periodic table are also given. 

Key words: Conductivity: critically evaluated data: data compilation; elements: reference data; 
thermal conductivilY: transport propertief. 
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1~· Introduction 

~thepurpose of this work is to present arid discuss the 
ilvatlable data and information on the thermal conduc
fti~,ifyof each element of the periodic table,to critically 
~~v<iluate, analyze, and synthesize the data, and to make 
"Hcommendationsfor the most probable values of its 
,hermal conductivity over a wide temperature range. 

'The work is published in two companion versions: a 
r:{lJ11prehensive volume [1],1 which is 10 be published as 
lls'upplement to the J ollrnal of Physical and Chemical 
R~ference Data, and this abridged version. In addition 
(Jthe recommended and estimated thermal conductivity 
~ahies for the elements, the comprehensive volume 
?!eserits the original data, specimen characterization, 
trid measurement information for the 5200 sets of raw 
bnawhich were exuacled from the primary literaLure. 
It' contains also a detailed discussion for every element, 
:eviewing. the individual pieces of available data and 
Information together with the considerations involved 

'in arriving at the final assessment and recommendations 
and the theoretical guidelines or semi-empirical cor
relations on which the critical evaluation, analysis, and 
,synthesis are based. The complete bibliographic cita-
tlons for the 1630 references are also included. This 
:abridged version of the comprehensive volume is 
designed for the practical user of data and contains 
only the recommended and es6mated thermal conduc· 

.tivity values. 
The thermal conductivity values given cover the 

widest possible temperature ranges and are for the 
purest form of each element for which measurements 

,have been made. ]n the one instance of iron, values for 
Armco iron, a form of lower purity much used as a 
thermal conductivity reference material, have also 
been included. 

Experimental thermal conductivity data are available 
in the world literature for 82 elements and estimated 
values for four other elements. The elements for which 
experimental data are lacking comprise all elements 
having an atomic number above 94 and twelve others: 
namely, actinium, astatine, barium, calcium, europium, 
francium, polonium, promethium, protactinium, radium, 
rfH'lon, ami ~1rontinm_ For All thf>"f> f>lf>mf>nt~f>"timatf>rl 

values have been included in this work at least for nor
mal temperature. 

The original papers upon which this work is based 
were retrieved through a continuing, comprehensive 
monitoring of the world literature carried out by the 
Thermophysical Properties Research Center (TPRC). 
The cut-off date for literature inc1usionin this work was 
J anuary1971. The authors are keenly aware of the pos
sibility of omissions or errors which may be encoun
tered in a work of this scope. It is hoped that these 
faults will not be judged too harshly and that we will 
receive the benefit of suggestions regarding references 

1 Numbers' in brackets refer to literature references in Section 5. 

omitted, improvements in presentation, and, most 
important, any inadvertent errors. 

Inherent in the character of this work is the fact that 
we have drawn most heavily upon the scientific litera
ture and feel a debt of gratitude to the authors whose 
results have been used. While their often discordant 
results have caused as much difficulty in reconciling 
their findings, we consider this to be our challenge and 
our contribution to the negative entropy of information 
as an effort is made to create from the randomly dis
tributed data a more orderly state. 

2. General Procedures for the Evaluation, 
Correlation, and Estimation of Thermal 
Conductivity 

In this section it is proposed to outline some of the 
methods of treatment that have been employed .lmrl 

which are common to many of the elements and to group 
together some of the resulting thermal conductivity 
values with a view to revealing any general trends which 
might be of assistance in the prediction of values for 
other elements or in data extrapolation. 

2.1. Theoretical background 

In metals the principal carriers of heat are electrons 
and lattice waves, and it is commonly assumed that the 
total thermal conductivity 

(1) 

where ke and kg are the thermal conductivity compo
nents due to the transport of heat respectively by the 
electrons and by .the phonons. or lattice waves. In a 
very pure metal, kg is extremely small compared with 
ke and in the majority of cases it can practically be 
neglected. 

The electronic component is given by 

(.2) 

where W(;, is the electronic thermal resistivity, Wo isthe 
residual electronic thermal resistivity due to scattering 
of electrons by static imperfections, and Wi the intrinsic. 
electronic thermal resistivity due to electron-phonon 
interactions. 

The electrical resistivity is'likewise composed of a 
residual and an intrinsic component 

The residual thermal and electrical resistivities are 
related by the ·Wiedemann-Franz-Lorenz law 

po 
WoT=Lo 

J. Phys. Chem. Ref. Data, Vol. 1 ,No.2, 1972 
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hence 
13 Wn= (po/Lo)T-l=-
T 

(3) 

where f3 = pol Lo, Lo is the theoretical Lorenz number 
(Lo=2.443X iO-8V 2K-2) and T the absolute temperature. 
The intrinsic thermal and electrical resistivities are 
related by the Wiedemann-Franz-Lorenz law only in 
the high-temperature limit, while at lower temperatures 

is generally less than Lo. In the limit of low temperatures 

Li = aCTIO)>] 

where () is the Debye temperature and the coefficient 
fj depends on the topology of the Fermi surface. 

The derivation of theoretical expressions for Wi and 
Pi involves the solution of the Bloch integral equation 
[2] which is very complicated. Explicit expressions have 
been obtained only for the very simplest model, first 
by Wilson [3] and later by several others [4-13]. The 
general form of their results is the same. In the low
temperature limit 

(4) 

and 

where Nfl is the number of conduction electrons per 
atom. From equations (2-4), the low-temperature elec
tronic thermal resistivity can therefore be written in 
the form 

We aT:? + f3/T • 

Thus 
1 

(5) 

Equation (5) has been extensively compared with 
low-temperature experimental data for high-purity 
metals whose kg is negligibly small, and disagreements 
have been found fl4-161 in that the power of T for most 
metals is not 2 but greater and the coefficient a is not 
a constant for a metal. Considering the temperature 
dependence of the coefficient a and the interaction 
between intrinslc and reSIdual thermal resistivities, 
Cezairliyan [14] and Cezairliyan and Touloukian [15, 16] 
have modified equation (5) to become 

k = __ 1 __ 
e a'TII+ 13fT (6) 

or, assuming Icg being negligible, simply 

(7) 

J. Phys. Chem. Ref. Data, Vol. 1, No.2, 1972 

where 

, /1 ( 13 )(/ll-nJi(I//+Ll 
a =a --" 

ncx. 
(8) 

and a", m, and n are constants for a metal. The value 
of n lies between 2 and 3 for most metals. 

At low temperatures the thermal conductivity of a 
metal has a maximum value kill at a corresponding 
temperature Till' The purer the sample, the higher is the 
maximum conductivity and the lower is the temperature 
at which the maximum occurs. Physically, the constant 
m in equation (8) is the absolute value of the slope of 
the straight line (in a logarithmic plot) passing through 
the maxima of the thermal conductivity curves of dif
ferent samples of different purity and imperfection, 
hence different po and {3. 

Figure 1, reproduced from Cezairliyan's treatise 
shows how, by plotting a reduced thermal conductivity 
k/k/il (denoted by k*) against the corresponding reduced 
temperature T/TIIl (denoted by T*), the data then (1962) 
available for 22 metals (some 1000 data points for 83 
samples) were found to approximate to a single curve 

k* fl 'T*)"' + 2 J-t 
A = _3 ( . - 3T* • (9) 

The standard deviation of points from this curve was 
calculated as 0.032. 

In this work for most of the metallic elements whose k 
is negligibly small, equations (7) and (8) have been use( 
to fit experimental data for deriving recommende( 
thermal conductivity values at temperatures beloVl 
about 1.5 Tnt. For a number of metallic elements the 
values of the con~t::lnt~ m, n., ::Inn (V" to hp. lI"P.n in P.fJlI::I· 

tions (7) and (8) for low·temperature thermal conduc
tivity calculations are given in table 1. 

In equations (7) and (8), the only parameter is {3, and 
each low-temperature thermal conductivity curve is 
uniquely determined by its value. An experimental 
value of {3 is obtainable by fitting equations (7) and (8) 
to the measured thermal conductivity data at tempera' 
tures below Til!. Using equations (7) and (8)and the con
stants for each of the metallic elements given in table 1, 
the low-temperature thermal conductivity of a particular 
sample can be calculated when the appropriate value of 
13 is used. Different values of 13 give a family of thermal 
conductivity curves for each metallic element and a 
family of recommended curves could have been gen
erated in this way for each metallic element. 

In this work, at low temperatures only one recom
mended curve for one particular sample has been gen
erated and this usually relates to the lowest value of f3 
for the purest sample for which a thermal conductivity 
measurement has been made. For generating other 
curves for other samples equations (7) and (8) and the 
recommended constants of table 1 may be used. It 
often happens that electrical resistivity investigations 
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TABLE 1. CONSTANTS FOR LO\\l-TEMPERATURE THERIVIAL 
CONDUCTIVITY CALCULATIONS USING EQUATIONS 
(7) AND (8) 

Element ill n 

Aluminlll1 2.62 2.00 0,0479 
CadmIum 

( /I to c-axis) 5.00 4.50 0.0468 
(.l.. to c-axis) 5.00 4.50 0.0468 
(polycrystalline) 5.00 1.50 0.0168 

ChrOnliur[l 2 20 2.00 0.592 
Cobalt 2.20 2.10 0.540 
Copper 2.63 2.21 0.0423 
Gallium 

( /I to R-axis) 2.78 2.00 2.04 
( 1/ to b-axis) 2.78 2.00 0.806 
( II to 2.78 2.00 6.57 

Gold 2.46 2.00 0.460 
IndiuITl 3.00 2.00 3.50 
Iridiulll 4~40 3.00 0.000272 
Iron 2.20 2.00 0.517 
Lead 3.50 3.00 4.12 
Lithiu111 2.25 2.00 0.774 
Magnesium 2.10 2.00 0.627 
lVlolybdenm'D 3.20 2.60 0.00967 
Nickel 2.60 2.00 0.192 
Niobiurn 2.00 2.00 6.21 
Osmium 5.80 3.00 0.00000379 
Palladium 2.40 2.00 1.54 
Potassium 2.] 0 2.00 18.0 
Rhenium ~L :JO 2.20 O.OGGG 
Rhodium 3.00 2.80 0.0132 
Ruthenium 5.30 2.60 0.00000321 
Silver 2.7 2.20 0.0730 
Sodhm1 2 .1~) 2.00 2.89 
Tantalum 2.54 2.00 1.39 
Thalliunl 2« f) () 2.nO 26.2 
ThuriuHl 2.80 2.7S 1~75 

Titanium 2.90 2.30 0.188 
Tungsten 2.80 2.40 0.0538 
Zinc :i ~ 4· 0 :i.OO 0.0'7::10 

Zirconium 2.40 2.00 3.99 

J. Phys. Chern. Ref. Dota; Ve!. i, No. 2,i 972 
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have included purer samples yielding much lower values 
for {3, but to use these values seems unwise at present 
ItS some doubt exists as to the validity of this simple 
treatment for samples of much greater purity, especially 
fIll lran::;iliol1 metals. There is sorne evidence [17 -19] 
that electron-electron scattering may become important 
for exceedingly high-purity samples and necessitate 
one additional term yT such that 

(10) 

Also, for many of the elements available data are in
:;.ufficient to determine the constants m, n, and a" of 
t~quation (8). 

A further complication may arise with metallic 
samples of very high purity in that boundary scattering 
can become important and render the thermal con

ductivity at very low temperatures dependent on the 
size of sample or on that of the individual crystallites 

of which it is composed. Since the late 1930's, see for 
instance the work of Casimir [20], size dependence has 
been known for the thermal conductivity of nonmetallic 
erystals but measurements by Olsen and Wyder [21] 
and by Boughton and Yaqub [22] have more recently 
directed attention to the influence of crystal size on the 
electronic thermal conductivity of a metal of sufficiently 

high physical and chemical purity. Isotopic content is 
another -factor that has been shown to influence the 
Ihermal conductivity at low temperatures. See for 
instance the work on an isotopically enriched germanium 
by Geballe and Hull [23], on tellurium by Oskotskii et aL 
1241, and on solid helium by Berman et al. [251 (see 
also [26]). 

As the temperature rises from the liquid-helium 
temperature region, the value of the Lorenz function 
falls quite appreciably to a minimum. but near the Debye 
temperature it again tends asymptotically towards the 
theoretical value (see, e.g. Wilson [27], Makinson [4]). 
For some metals including the transition metals def
initely higher values of the Lorenz function may be 
attained, but the excess seldom exceeds about 30 
percent. It follows that in the region from about normal 
to high temperatures the Lorenz function is generally 
reasonably close to the theoretical value, and for a 
particular metal follows a fairly predictable departure 
curve. Thermal conductivity values can then be cal
culated from the derived. assumed, or experimentally 
determined Lorenz function values as a function of 
temperature and from the measured electrical resistiv
ity data. Considerable usc of the Lorenz relationship 

has therefore been made, both when analyzing thermal, 
conductivity data in the above-normal temperature 
region and when attempting to make estimations or 
extrapolations in this range. 

For elements such as gallium and yttrium. whose 
transport properties are strongly anisotropic, un
certainties are associated with the derivation of values 
from single crystal data that would apply to a poly
crystalline sample. 

Consider an orthorhombic crystal, such as that of 
gallium, for which kit, kf), and kc are the thermal con
ductivity values for the three main crystal axes a, b, 
and c, and kp is the thermal conductivity of the poly
crystal. By considering the conductivities to be additive, 

Voigt [28] showed that 

1 
3 (ka + kb + kc) • (11) 

[f however the thermal resistivities are considered to 
be additive, which Hall, Legvold, and Spedding [29] 
regarded to be preferable in the case of rods of yttrium, 
then 

- - -+-+-1 1(1 1 l) 
kp - 3 Jft kb kc 

(12) 

or 

(13) 

For gallium at 300 K. kn 0.406, kb 0.883, and kc 
0.159 W em - 1 K - t. Hence the values of k p according to 
equations (11) and (12) are respectively 0.483 and 
0.304 W cm- l K-l, and differ by some ± 25 percent from 
the mean value of 0.393 W cm-1 K-I. A more recent 
treatment, in which Hashin and Shtrikman (30J used a 
variational method, shows that for the case where 

kc < ka < kb 

kb (4k~ + Bkbka + Bkckb + 7 kakc) 
l6k% + 5kbka + 5kckb + kakc 

k c( 4k~ +8kcka + BkcklJ + 7kaklJ) 
L6k~ + Skcka + Skckb + kakb 

(14) 

which leads to extreme values of 0.444 and 0.377 W 
em-I K-I for kp in the ca:se of gallium. at 300 K. The 

treatment embraces a narrower (±8%) range of values 
and gives a mean of 0.410 W cm- l K-l which happens to 
be only about 1 percent greater than ka. In this instance 
the value of ka has been taken as representing approxi
mately the thermal conductivity of polycrystalline, 
gallium, but it is clear that more attention could well be 
devoted both experimentally and theoretically to this 
problem. Electrical conductivity would behave similarly 
and this propet:ty is likely to be measurable with greater 
accurflCY, although high accur::lcy would not be so 

necessary with the large differences indicated for gal
lium. A practical difficulty could however arise in this 
instance from the ease with which gallium solidifies 
in the single crystal form, and the difficulty experienced 
so far in preparing truly polycrystalline samples of this 
metaL 

{u lhi~ wurk, lite meClll uf lite value~ giveu Ly equaliull~ 
(10) and (11) has been adopted as the value for a poly
crystalline sample of an element of large anisotropy. 
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In connection with the thermal conductivity of molten 
metals, reference will frequently be made to estimated 
values that are due to Grosse (31, 32]. These va]ue5 
have been derived from the melting to the critical point 
using the equation k=Loa-T with derived values for tht, 
electrical conductivity, a, and usually assuming the 
theoretical Lorenz number, Lo, to hold throughout the 
range. To derive an expression for the electrical con· 
ductivity, Grosse has proposed an equation of the form of 
a simple equilateral hyperbola [33] 

(a I + b) (T' + b) = a (15 ) 

where the reduced electrical conductivity u ' = UT/U,r, the 
reduced temperature T'=(T-Tf)/(T(·-1'.r)' aI is 
the electrical conductivity of the molten metal at the 
melting point. and ar is the electrical conductivity at a 
temperature T between 1'.(, the melting point, and Tc , 

the critical temperature. The quantities a and bare 
constams. At Tc both a and k are assumed to be zero. 

Since these predictions were made, increasing un· 
certainty has developed as to the Lorenz function of 
molten metals and its variation with temperature. 
Previous work, for instance of Powell [34], had indicated 
the Lorenz function to approximate to the theoretical 
value, as was assumed by Grosse r31. 32], but according 
to the work of Filippov [35] on tin and lead and some 
other recent measurements [36, 37] the Lorenz function 
continues to decrease with increase in temperature to 
values that are well below Lo. This uncertainty needs 
resolving and, pending confirmation and th~oretica] 
support for the lower values, values closer to those of 
Grosse have provisionally been adopted in the present 
work. 

2.2. Data Evaluation 

The data analysis and synthesis employed in this work 
have included critical evaluation of the validity and 
accuracy of available data and related information. 
resolution and reconciliation of disagreement in con~ 
flicting data, correlation of data in terms of various 
parameters (sometimes in reduced forms using the 
principle of (:orrp.~J1oniline: st::ltes), curve fitting with 

theoretical or empirical equations, and comparison of 
resulting data with theoretical predictions or with 
results derived from semi-theoretical relationships 
or from generalized empirical correlations. Besides 
critical evaluation and analysis of the existing data, 
thermodynamic, kinetic, or statistical mechanical 
principles and semiempirical techniques have been 
employed to fill gaps and to extrapolate existing data 
so that the resulting recommended values are internally 
consistent and cover as wide a range of the controlling 
parameters as possible. 

In the critical evaluation of the validity and uncer
tainty of a particular set of data, say, the thermal con· 
ductivity of a solid substance, the temperature 
dependence of the thermal conductivity has been 
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examined 1:IIld any unusual dependence or anoma1 
ulI:dully iIiVt>,stj~aled, the experimental techniqu 
reviewed 10 St~e vvhether the actual boundary condition. 
in Ihe experiment agree with those assumed in the 
theory. and tlH' author's estimations of uncertainties 
checked to eI1S11H' tbat an the possible sources of errors 
have been cun~jdered. For a steady-state absolute meas
urement of the thermal conductivity of a solid specimen, 
for example. t he sources of errors may include the un
certa~nty in the measurements of specimen dimensions 
and of the distances bet ween points of temperature 
measurements; the uncertainty due to the effect of 
thermal expansion; the uncertainty in determining 
the power input to the specimen heater: the uncertaintv 
in determining the heat gains or losses to or from th~ 
specimen due to direct radiation Interchange or to 
conduction through the surrounding insulation, along 
the electric leads, and along the thermocouple wires 
and the ceramic insulating tubings or bends; the uncer

tainty in temperature measurements due to poor ther
mocouple calibration, poor thermocouple contact, poor 
sensitivity of the measuring circuits, and temperature 
drift; the uncertainty due to thermal contact resistance: 
the uncertainty for measurements at elevated tem~ 
peratures due to thermocouple contamination, specimen 
oxidation, or reaction of specimen with apparatus com
ponents; etc. In a comparative measurement. additional 
uncertainties may come from the conductivit; mismatch 
between the specimen and the reference sample(s), 
from the additional interfacial thermal contact resist
ance, and from the additional uncertainty in the con
ductivity of the reference sample (especially, if the 
conductivity values of the "reference" sample are 
blindly taken from a handbook). For a nonsteady-state 
measurement, large uncertainty may result if the den
sity and specific heat values are taken from the literature 
and not directly measured on the specimen for which 
the thermal diffusivity data are obtained. The above
mentioned and other possible sources of errors have 
been carefully considered in this work. 

Many authors have included detailed error estimates 
in their published papers. and from these it is possible 
to evaluate the uncertainty for a particular method. 
However, experience has shown that the uncertainty 
estimates of most authors are unreliable. In many cases 
the diffelence Let weeu tbe results of two sets of data 
is much larger than that given by the sum of their stated 
uncertainties. Cases even occur where measurements 
reported to be accurate to within 1 or 2 percent differ 
from each other by more than 100 percent. In these 
cases either the actual error must greatly exceed its 
estimated value, or the author was unaware of the 
additional sources of error, or there must be essential 
unrecorded sample differences. 

Besides evaluating and analyzing individual data sets, 
correlation of data in terms of various relevant param
eters is a valuable technique that is frequently used in 
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11I1U analysis. These parameters may include purity, 
'omposition, residual electrical resistivity or electrical 
esistivity ratio (if a metal), density or porosity, hardness, 
~ryslal axis orientation, degree of cold working, degree 
1f heat treatment, etc. Applying the principle of cor
't'spcmding states, reduced property values may be 
~orrelated with reduced temperature and other reduced 
mramelers. Certain properties of the elements may 
:\lso be correlated with the atomic numbers of the 
dements in the periodic system. Examples are critical 
temperatures, critical pressures, critical volumes, and 
Illomic volumes at 0 K. Wherever appropriate, such 
correlation techniques have been applied to the thermal 
conductivity of the elements in the present work. 

Several properties of the same material can also be 
(~ross-correlated. For example~ thermal conductivity, 

specific heat, and density can be correlated with thermal 
diffusivity, and viscosity and specific heat of a gas can 
he correlated with thermal conductivity through the 
Chapman-Enskog theory or through the experimental 
Prandtl number. For a fluid, the property of the saturated 
liquid may also be correlated with that of the saturated 
vapor. 

For 'meaningful data correlation, the information on 
specimen characterization is very important, especially 
for solid specimens. A full description of a solid speci
men should include, whenever applicable, the follow
ing: purity or chemical composition, carrier concentra
tion; type of crystal, crystal axis orientation for a single 
crystal: microstructure, grain size, preferred grain 
orientation, pore size and shape and orientation, 
inhomogeneity and additional phases for a polycrystal
line specimen; specimen shape and dimensions, method 
and procedure of fabrication: thermal history and cold 
\vork history, heat treatment. mechanical, irradiative. 
and other treatments; manufacturer and supplier, stock 
number, and catalog number: test environment, degree 
of vacuum or pressure, heat flow direction, strength and 
nrientation of an applied magnetic field; pertinent physi
cal properties such as density. porosity, hardness. 

electrical resistivity (residual, ratio, and temperature 
variations). Lorenz function. transition temperature. 
etc.: and reference material and its property values for 
a comparative method of measurement. Data (no matter 
how accurate) on poorly characterized materials can 
hardly be analyzed or used for data correlation. It 
ba:, LttIl [uuuJ ill thi~ auJ lItbtJ ~tudit:, that tlJl::' 

specimen purity or composition reported by the author 
is often unreliable. This is because in many cases the 
stated purity or composition is the result of ladle analysis 
\'"hich the author obtained from the company who sup
plied the specimen and it can at best represent only the 
nominal purity or composition. In other cases there is 
a strong tendency for only certain elements to be covered 
by a chemical analysis. which could miss other quite 
important constituents. 

Besides specimen characterization, a full description 
of experimental details should, of course, be given by 

the author in order that his data can be meaningfully 
evaluated and fully utilized. Sometimes, as an initial 
method of evaluating the quality of a paper, considera
tion has been given to the amount of experimental 
details reported in the paper. Lack of experimental 
details has led to the results being given less weight. 

In estimating the degree of uncertainty of our recom
mended values for the various ranges of temperature, 
it is apparent from the above discussion that only for 
the few much studied materials has it been possible to 
place close error limits that can be considered reliable. 
For the less well studied materials, wider limits of un
certainty are generally given; these are based on other 
factors and considerations such as general knowledge 
of the worker, the accuracy of measurements of other 
materials using the same or similar apparatus. etc. 
The estimated uncertainty also takes into considera
tion behavior of the material itself. For a well-behaved 
material narrower limits are given when the temperature 
dependence is predictable from theoretical considera
tions or from empirical correlations. For an ill-behaved 
material or a material with phase or magnetic transfor
mation. such as the rare earths, the estimated uncer

tainties are greater. For the recommended values of 
the thermal conductivity' of fluids, the uncertainty 
estimation is based on the degree of agreement of our 
values with those proposed by other experimental or 
analysis specialists. coupled with a more personal 
opinion of the experimental accuracy of the existing 
measurement techniques. Finally, the scatter around 
the recommended value of those experimental points 
considered reliable has been included in the uncertainty 
estimates. 

2.3 Summary Graphs 

With a view to bringing out any similarities or differ
ences between the proposed values for the elements of 
a particular grolIp of the periodic table, these values 
for all the elements of each group havp hpen plotteo in 
figures 2 to 13, which show some of the generalizations 
for the property of thermal conductivity that were men
tioned at the beginning of this section. These figures 
may prove helpful when making estimations to tempera
tures not covered in the sections which follow. In figure 
14 the thermal conductivity of each element at 300 K is 
plotted again5t the atomic number of the element. A 

fairly definite pattern can be traced, and this has been 
of assistance in deriving estimated values for certain 
elements for which no information is available. These 
include actinium, francium, and the trans-plutonium 
elements. Estimated values for barium. calcium, 
europium, polonium, protactinium, and strontium have 
also been based on electrical resistivity data, and those 
for radon are based mainly on a generalized correlation 
by Owens and Thodos [38]. The value for radium 
comes from collected data by Samsonov r39], and is 
attributed to Chirkin [40], but no details are given. 
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3. Specific Considerations Concerning the Body 
of Data 

This compilation consists of graphs and tables of 
thermal conductivity as a function of temperature. 
The conventions used in this presentation and special 
comments on the interpretation and use of the data 
are given below. 

The thermal· conductivities of the elements are pre
sented alphabetically by the names of the elements~ 
but it should be noted that where information is given 
for different forms of a particular elemenL these follow 
that element. Thus, entries for amorphous carbon, dia
mond, and for several types of graphite come in the entry 
for carbon. and those for deuterium and tritium are 
found after the entry for hydrogen. For the nonmetal
lic elements which are liquid or gaseous at normal 
temperature and pressure (N.T.P.), and for iodine, 
thermal conductivity values are given mostly for 
the solid, saTUraled liquid, salunileJ VapUJ, allJ ga::,. 
F or the other elements, values are given only for the 
solid state or solid and liquid states. 

In the figures. solid curves represent recommended 
or provisional values. Accompanying sections of short
dashed lines represent values in the temperature range 
where experimental data are not available. In some 
instances. notably for semimetals and nonmetals at 
low temperatures, where the specimen cannot be 
uniquely characterized to correspond exactly with the 
thermal conductivity values, a curve considered as 
typical is composed of longer-dashed lines. For all the 
elements. logarithmic plotting of thermal conductivity 
against temperature is adopted. 

In the figures. the melting point (M.P.). phase transi· 
tion point (T.P.), superconducting transition point (T.P. 
(s.c.)), critical temperature (C.T.), Curie temperature, 
Neel temperature, etc. of the elements have been 
indicated. The inclusion of these transition points is 
intended to caution the re.ader of the existence of such 
transitions so that. one must be extremely cautious in 
attempting the extrapolate the thermal conductivity 
values across any such transition temperature, since 
at such temperature the thermal conductivity generally 
exhibits sharp discontinuities. No attempt has been 
made to critically evaluate these transition tempera
tures. and they should not be considered as recom· 
mended values. Some of the given values. however,ar€ 

the defining fixed points or secondary reference points 
of the International Practical Temperature Scale of 
1968 (lPTS-68) such as the indicated melting points 
of gold. silver, tin, zinc, aluminum, antimony. bismuth, 
cadmium. cobalt, copper, indium, iridium. lead. mercury, 
nickeL palladium, platinum, rhodium, and tungsten, 
and boiling point of mercury. 

The compiled 5200 sets of original thermal conduc
tivity data which are presented in the co'mprehensive 
volume [] J were published over a period of ]] 0 years 
from ]861 to ]970. It is realized that many different 
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temperature scales were used for these data. However, 
in thermal conductivity measurements, the therma 
conductivity values are determined by the measUret1 
differences in temperature and not by the absolute mag· 
nitude of temperature. Furthermore the thermal con
ductivity is only a weak function of temperature and the 
effect of using different temperature scales on the 
reported thermal conductivity values is practically 
negligible. Consequently, no attempt has been made 
to convert the original data to a common scale. For the 
recommended values, the temperatures are based 011 

the IPTS-68. 

In the Thirteenth General Conference of Weightb 
and Measures held in October 1967 in Paris. the unit 
"watt per metre-kelvin" {symbol: W m-1K-J)was adopted 
as the SI unit for thermal conductivity. In this work, 

the unit "'W cm-1K-I" is used which is a slight modi
fication of the SI unit. Table 2 gives conversion factors 
which may be used to convert the thermal conductivity 
values in W em -1 K -J presented in this work to values 
in the Sl unit or to any of the several other units listed. 

In the tables of recommended, provisional. or typical 
thermal conductivities, dIe values are presellleJ wiLlI 

uniform but step-increasing increments in temperature 
as the temperature increases. For those elements which 
are solid at NTP and for mercury, the values are 
presented such that temperatures with uniform incre
ments ,in both kelvin and Celsius are accommodated. 
In other words, those values given for temperatures 
123.2 K, 173.2 K, 223.2 K, 273.2 K, 323.2 K, ... are 
for -150 DC. -100 DC. - 50 DC, 0 DC, 50 DC ..... The 

".2" has been dropped for temperatures above 3000 K. 

In the tables the third and occasionally the fourth 
significant figures are given for the thermal conductivity' 
values. but this is only for internal comparison and for 
tabular smoothness and should not be considered 
indicative of the degree of accuracy. The accuracy 
of the recommended or provisional values for each 
element in different temperature ranges is given in the 
REMARKS. The thermal conductivity is zero at absolute 
zero temperature~ i.e. at the point (T= 0, k = 0). This 
is a theoretical consequence based upon the premise 
that the 5peeifie heat i5 zero at ab50lute zero tempera

ture according to the third law of thermodynamics. 

For a solid element at moderate and high temperatures 
the true thermal conductivity valueF for different well

annealed high-purity (99.99+%) samples at any given 
temperature should be close. and therefore a set of 
recommended thermal conductivity values can be given 
for a well-annealed high-purity element. At low tempera
tures. however. the thermal conductivity values for 
different samples with sma]] differences in purity and/or 
imperfection differ greatly, and a set of recommended or 
provisional values applies only to a sample of a par
ticular purity and imperfection. Idea]]y the low-tempera
ture thermal conductivity of a solid element should be 
represented by a family (or families, for a non-cubic 
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crystal) of curves. each of which is recommended for a 
sample of a particular purity and imperfection, and 
hence having a particular residual electrical resistivity 
for a metal. In this work, such a family of recommended 
curves for specimens of different hypothetical im

purities and imperfections has not been generated. 
Instead, a single, well defined curve is drawn to link 
with the recommended curve for moderate and high 
temperatures so as to complete the functions for the full 
range of temperature. The recommended low-tempera
ture values in the table, which are for the purest form 
of each element for which measurements have been 
made, are of course only applicable to that particular 
characterized sample whose residual electrical resis
tivity has clearly been specified in the REMARKS. 

Consequently, this recommended curve should not be 
interpreted as a unique function for the low tempera
ture region but it is only applicable to a sample of 
specified conditions. For samples having different 
impurities and imperfections, i.e., havll1g different 
residual electrical resistivities for a metallic element, 
the reader may similarly derive low-temperature thermal 
conductivity curves following the same gllirlelines ;md 

procedures as used in this work. 

As mentioned before, the residual electrical resistivity 
po is used for the characterization of a metallic sample 
to correspond with the recommended low-temperature 
thermal conductivity values. At temperatures around 
4 K or below, po ~ Pi, and hence po may be written as 

LoT 
po=- • 

k(' 
(16) 

It is po which is determined experimenta]]y as the 
residual electrical resistivity resulting from electron
defect scattering. ]f however po is calculated from an 
equation similar to (16) but using a measured value 
of the thermal conductivity. this value is k and not ke . 

Denoting Ihe value so calculated by po' , then 

(] 7) 

It can be seen from equation (] 7) that if kg ~ 0 then 
po' ::s: po. This is usua1ly true. and the experimental po 
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is then the value given to correspond with the recom 
mended k values. 

11 happens occasiona1ly. howeveL that p~ > po 
implying that ky < O. As negative values for kg see)! 
impossible. the measured po is concluded to be in errol 
and in this case, the calculated value p;) has been givel 
as correspondin£" with the recommended k values. 

Regarding those elements which are liquid or gaseou, 
at N.T.P .. the provision of recommended values of tIll 
thermal conductivity at the critical point takes Ill' 

account of anomalies in the immediate vicinity of thj~ 
point. While evidence seems to be accumulating thai 
a rapid increase in thermal conductivity to very large. 
if not infinite, values does occur in the immediate vicinit) 
of the critical point- the temperature span of any such 
departure is very shorL and in the preparation of thl' 
present tables this factor has been disregarded. Thl' 
values recommended here for the critical point are thu~ 
obtained through arbitrary extrapolations of the satur
ated liquid and vapor curvc:~ with no cOll~jJel aljolJl' 

being given to such anomalies. This approach wa~ 

considered justified by the very meager and indefinitr 
investigations which have been concerned with such an 

effect. The present approach has been taken so thaI 
interpolation of the recommended critical-point values 
with those tabulated for lower temperatures will enable 
intermediate temperature values to be obtained which 
will be accurate except for the small temperature 
region where anomalies may occur. Furthermore, the 
values at the critical point are needed for data correla
tion using the principle of the corresponding states. 
Likewise. the error estimates refer to possible error~ 
in estimating such values. Should recent studies on 
anomalies prove to be confirmed, the present value!'" 
might be regarded as "pseudo-critical" values of thermal 
conductivities. While the merit of our present approach 
could be questioned by some, it might be added that the 
above defined "critical" thermal conductivities have 
been found to give consistent values when comparing 
"criticaJ" thermal conductivities of families of sub
stances. At the present time, similar treatments of 
"true" critical values present serious difficulties. 

The recommended values for the various gases, which 
cover very wide range:s of tempt"ldtule. ale oJlly for a 
pressure of one atmosphere. The pressure dependence 
of thermal conductivity is not y(>t included in this 
work. 
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The recbmmended values arc for well-annealed Ugh-purity aluminum and are thought 
to be accurate to within ± 5% of the true values at temperatures below room tempera
ture and ± 2 to ± 3% above. For molten aluminum near the melting point the values are 
probably good to within ±8%. The thermal conduc:tivity at temperatures near and below 
the corresponding temperature, Tm. of the conductivity mrudmum is highly sensitive 
to small physical ahd chemical variations among different specimens, and the conduc
tivity values below 150 K are applicahle only to a specimen raving residual electrical 
resistivity Po = 0.000594,.,.0 cm. ValUes at temperatures below about 1 i I) '1'm are cal
culated to fit the experimental data by using eq. 17) and using the constants m, n, a" 
as given in Table 1 and (3 '" 0.0243. The values :'or molten aluminum above 1273 K are 
provisional values. 

RECOMMENDED VALUESt 

[Temperature. T, K; Thermal Conductivity, k, W cm-1 K-1] 

SOLID LIQUID 

T k T k T k T 

0 0 60 8.50 933.52 0.907* 2673.2 
1 41.1 70 5.85 973.2 0.921 2800 
2 81. 8 80 4;32 1000 0.930 2873.2 
3 121 90 3.42 1073.2 0.955 3000 
4 157 100 3.02 1100 0.964 3073 

5 188 123.2 2.62 1173.2 0.986 3200 
6 213 150 2.48 1200 0.994 3273 
7 229 173.2 2.41 1273.2 1. 01 3400 
8 237 200 2.37 1300 1. 02 ~~ 3473 
9 239 223.2 2.35 1373.2 1. 04* 3600 

IO 235 250 2.35 1400 1. 05* 3673 
11 226 273.2 2.36 1473.2 1. 07* asoo 
12 214 298.2 2.37 1500 1. 07* 3873 
13 201 300 2.37 1573.2 1. 08~' 4000 
14 189· 323.2 2.39 1600 1. 09* 4073 

15 176 350 2.40 1673.2 . 1. 10* 4273 
16 163 373.2 2.40 1700 1.11* 4500 
18 138 400 2.40 1773.2 1.11* 4773 
20 117 473.2 2.37 1800 1.12* 5000 
25 75.2 500 2.36 1873.2 1.13* 5273 

30 49.5 573.2 2.33 1900 1. 13* 5500 
35 33.8 600 2.31 1973.2 1. 14* 5773 
40 24.0 673.2 2.26 2000 1.14* 6000 
45 17.7 700 2.25 207;~. 2 1.14* 6273 
50 13.5 773.2 2.19 2173.2 J.15* 6500 

800 2.18 2200 1. 15* 6773 
873.2 2.12 2273.2 1.15* 7000 
900 2.10 2400 1.15* 7273 
933.52 2.08 2473.2 J. 15>~ 7500 

2600 1.15* 7173 

8000 
8273 
8500 

* Estimated or extrapolated; 
t Values above 1273 K are provisional. 
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1; 15* 
1. 14~~ 
1.13* 
L 13~' 
L 12* 

1.11* 
1. ~O* 
1. 09* 
L 07~' 
1;05* 

1. 05* 
1. 03* 
1. 02* 
0.997* 
0.986* 

0.952* 
0.912* 
0.861* 
0.818* 
0.764* 

0.719* 
0.662* 
0.614* 
0.555* 
0.505* 

0.444* 
0.392* 
0.329* 
0.275* 
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0.0915* 
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',1(';: ;""'\'(' 11)(1" are prC)visional I'M' well--ann8aled high-purity antimony 
± 15% of the trae values at moderate temper
t mId above. The the r111n I conductivity at 

"('<=:Iymtlinn; temperature of the conductivity 
and chemical va rill (;ions :1I11Ong elif

fCl'cnl SI'('cimC')1so 1ll1c11I1r' c(111ducthoity v:llues below 100 K only represent i1 typical 
CUI'I'E' FCl'l'ing: to inclic';l i c' Ille Q('l1cr:ll frend of Uw lOVl-fnmpcr8turr hchnvior of fhe 
1.1WI'111:1! ('nl1clll('1 ilil \ . 

PROVISIONAL VALUES t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-l] 

SOLID LIQUID 

Polycrystalline 

T k T k T k 

2 0.87 173.2 0.326 903.89 0.259 
3 1. 27 200 0.302 973.2 0.267 
4 1. 8E 223.2 0.283 1000 0.270 
5 2.5E 250 0.267 1073.2 O. 277~" 

3.34 273.2 0.255 1100 O. 280~' 

7 4.0( 298.2 0.244 
8 4. 6~ :300 0.24:3 
9 4.89 32.3.2 0.235 

10 4.8Q 350 0.226 
11 4.5(i 373.2 0.219 

12 4.0'7 400 0.213 
1:3 3.7~ 473.2 O. 199 
14 3,51 500 O. 195 
15 3.2f) 573.2 O. 186 
16 3.0t, 600 0: 183 

18 2.6'7 673.2 0.176 
20 2.38 700 0.174 
25 1. 8" 773.2 0.170 
30 1. 51, 800 O. 168 
:35 1. 30 850 O. 167 

40 1.13 87:3. 2 0.167 
45 0.994 900 0.167 
50 0.883 90:1.89 0.167 
60 0.725 
70 0.620 

8e 0.550 
He 0.500 

lOC 0.4134 
12~. 2 0.405 
15C O. :356 

I~,·trapolateci 

v,Jues below 100 K are merely typical values. 
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TEMPERATURE, :<. 

Ii 
, ++-r-1-+-----+---+--+
",jl K 

I I I I I 

:1 4 5 Ii 103 4 :1 

HDIAHI,S 

Vrlucs fnr the solid :11'C ot "nl\' 111(\I1CI':1I0' [l('(:Ul'[lCL due 10 structurrd. vnnat:lolls pro
durpd 1)\' impurities, l']'(11) " 10 '.'() \, lh" 11l1ccrtninl\' I11DV be ns much DS :'0%. the un
('crt:linf,v j2;rndllnlt,\' c1c('r~:lsjl1g- Lrl 11l";":11 the hii!.'llC'::::1 l('lilp·~t'ntl1rcs tnl)lllntcd. Snturnf.ed 
licllid \'nlucs help\\ 1·10 K shnulrl he ;I('0'l11':1Ic 1(1 ;J fc" pC'cC'nt.. At higher temperntul'cs 
the ullC'cl'tnint.\· in('l'(~:1S(;f' t.o :1": III (11 :1~; ;11 I\]e crilic:,1 point. S~f.t1rnt8r1 vnpor val
ues sho1lld h;1VC ~l simil:11' 11I1CCl'lfl 11.\' below J:Z:-; I": :111d :11 l\1e critic;11 point.. At infer
llledi!llc 181110er:1111 res tbe \.II1C81'1:1 1'1\' iF S0111C\\'h;1[ I:Jr.!2:CI. The gns ";llues should be 

brl('\\' 10n 1\ ;1nc1 f1'()]11 :,')() In 1 'inn l< :lnrl 

oy" ~1l1(lVI? 1,,00 1<. 

RECOMMENDED VALUES 

['remp~rature, T, K; Thermal Conductivity, k, W cm -1 K-11 

SOLID SA TURA TED LIQUID SA TURAT ED VA pon 

T k x 103 r k x 103 T kx1~ 

84 1. 270 ':' 
85 1. 258 85 O. 055* 

GO':' 90 1. 201 90 0.059* 
4(,':' f)5 1. 142 9S 0.OG4* 

10 :~7':' 100 1. 082 100 0.OR8* 
12 271" 105 1. 021 105 0.072* 
]4 22': 110 O. 9G~3 110 0.077* 
Hi 181, 11!J 0.90:) 115 0.082* 
IB l(,':' 120 0.842 120 0.088* 

20 1 ~1. G 1" 125 O. 780 125 0.095* 
25 D.9';' ]:30 0.718 ~O O. 103* 
30 7.8';' ]35 O. G55 D5 O. 100* 
:35 G.5':' 140 0.592 140 O. 120* 
40 5. G'~ 145 O. 518 145 O. 140':' 

45 5.1':' 
50 4. 6'~ 

150 0.404 
151 0.25 t 

150 O. 19* 
151 O. 25*+ 

liO :~. 8 ':' 
70 :L ~3 * 
80 :_~. fl ,:~ 

~, 

Estimated or extrapoia:ed, hence provisional. 

-I'Pseudo-critical value. 
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~ THERMAL CONDUCTIVITY OF AHC;ON (conti rued) 
n 
:r 
ID RECOM]\'TENDED VALUES 
~ 
::10 GAS 

~ (At 1 atm) 
0 
Q T k x 1()3 T k x :03 T k X I03 T k X 103 
_0 
< 4(0 0.223:1 750 O. :15:3 1500 O. ~61 * 
~ 410 0.227{j 7GO O. :lSr, 15S0 0.575 ':' 

4LO O. 2~18 770 o. :~59 1 (jOO O. fJ881" 

Z 88 0.0574 4:10 0.2:3:19 780 0.862 Irj50 O. ro2':' 
!l DO 0.0587 4'10 0.24)0 7HO O. :lflr, 1700 O. C:15'" 
I-J 

100 0.OG52 4f:0 0.2441 800 0.3fl9 1750 O. 628 * 
>0 110 0.071fl 4m 0.2431 810 O. :172 1800 0.641':' ..... 
I-J 120 0.0779 470 0.2520 820 O. :375 1850 O. (154':' 

130 0.0839 4EO 0.2fi:)9 830 0.378 1900 O. 667~' 

140 0.08H8 4m O.25fl9 840 O. :181 1950 O. (i80* 

150 0.0957 5CO 0.26;38 850 O. a8t! 2000 O. 692 >~ 

160 O. lOlG 510 0.263 8GO 0.387 2100 O. 717~' 

170 0.1074 520 0.272 870 0.390 . 2200 0.741 Yo, 

180 O. I ]31 5:10 0.27') 880 O. :HJ3 2300 0.766':' :I: 

190 .0. 1]88 540 0.281
) S!:lO 0.8% 2400 0.790'" 0 

200 0.1244 550 0.28:1 900 0.3!:l8 2500 0.815':' ." 

210 O. ]:300 51'0 0.287 !:l]0 0.401 0 
220 O. I:155 570 0.2BO 920 0.404 ~ 
2:W O. ]409 580 O.2!H !J:3O 0.407 m 

r-
240 0.14G2 5!)() 0.2!J7 !)40 0.410 ~ 

250 0.15]5 600 0.30l 950 0.41:) ~ 
2(,0 O. 1567 rHO 0.805 !)(iQ 0.4Hi Z 
270 0.1619 6:m 0.308 970 0.418 0 
280 0.1671 630 O.:nl 980 0.421 !:: 
290 0.1722 640 O. :315 990 0.421 r-

m 
300 O. 1772 6;{) 0.319 1000 0.427 -< 
310 0.1822 660 0.322 1050 0.441 
320 O. ]871 670 0.326 1100 0.454 
330 O.I!JHJ fl80 0.329 1]50 0.468 
.'340 0.1!l66 G!JO 0.3:13 1200 0.481 

350 0.201:3 700 O. :I:lli 1250 0.4!:l5 
:I flO O. Z05!) 71) O. :1:19 l:WO O. 508 
:170 0.210;{ (2) O. ~43 1:150 0.521 
~80 0.2147 7:30 O. :34(; 1400 0.5%':' 
:l!lO n.21fH) 74) O. :~4!l 1150 O. S18~' 

>(, 

Ef'timal.f'd or ('xl.rapolilted. 
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TEMPERA1URE, K 

HEMAHKS 

The provisional values are fJr well-annealed high-purity polycrystalline grey arsenic 
and should be goO:1 to within ± 15%. 

2 345 

PtWVISIONAL VALUES 

[Tcmperatllre, T, K; Thermal Conductivity, k. W ctn-1 k-1
] 

SOLID 

Gray, polycrystalline 

T k 

200 0.690* 
223.2 0.633* 
250 0.578* 
273.2 0; 539* 
293.2 0.510 

298.2 0.502* 
300 0.500* 
323.2 0.474* 
350 0.446* 
373.2 0.427* 

400 0.406* 
473.2 0.360* 
500 0.348* 

l< 
Extrapolated or eRtimated. 
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4 S fi R 10 :1 4 !) () ,'j 102 2 4 5 1-< ] ()3 

TEMI'F.HATUHE. K 

Il E j\ 1 /\ 1 ~ I-':f; 

-1'118 provisionnl V;;IU0S nrc Jrw wcll--:ll1ncnlcc! 
to :::20%. The \alnc at 4 K i,' npplic;lhlc (1l1h-

barium ;Ind :,;Il<luld he g·ond 
l'esidu;11 cl cctric:l1 

n~::;i::;tivit\' On n.2:1/.10. em. 

PROVISIONAL VALUES 

ITcmpcl':ltuI'C_ T, K_; Thu1'mal Conductivity_ k, \\' cm··1 
1(-1 1 

F:sl.im:l1r':(1. 

I"OI,ID 

T 

50 
17:;' :2 
200 
22:;. :.3 
250 

27:L 2 
2!Jfj 

O. :l!)':' 

O. 205* 
O.lDn* 
O. 194* 
O. 190* 
O. IS!;':' 

O. 185* 
O. 184* 
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THERMAL CONDUCTIVI1Y OF BERYLLIUM 
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TEMPERATURE, K 

HEMARK$ 

The recommended.values (above 2.:·;l\).~, ~~~ ~~~ .. ~~~ ~'_'~<LL"'\.I.lllgh-purity beryllium 
and their uncertainty is though~ to be of the order of ±100/0. The thermal conductivity 
at temperatures near and below the corresponding temperature, T m , of the conduc
tivity maximum is highly sensitive to small physical and chemical variations among 
different specimens, and the cDnductivity values below 290 K, vohich are proviflional, 
are only applicable to beryllium having residual electrical resistivity Po == 0.0135 Iln cm. 
Values at temperatures below about 1. 5 Tm are calOllated to fiG the experiment.al 
data by using equation (7) and llsing n = 2.80, a' = 2.511 x 10-7• and {1 C7 0.553. 

2 3 4 5 

RECOMMENDED VALUES t 

(Temperabrc, T, K; Thermal Conductivity, k, W cm-1 K-

SOLID 

'I k T k 

0 0 250 2.36 
1 1. 81'~ 273.2 2.18 
2 3.62 298.2 2.61 
3 5.42 300 2.00 
4 7.23 323.2 1. 88 

5 9.04 350 1. 78 
6 10.8 373.2 1.68 
7 12.6 400 1.61 
8 14.4 473.2 1.44 
9 16.2 500 1.39 

10 18.0 573.2 1. 29 
11 19.8 600 1.26 
12 21.6 673.2 1.18 
13 23~3 700 1.15 
14 25.1 773.2 1.09 

15 26.8 800 1. 06 
16 28.4 873.2 1.00 
18 31.7 900 0.982 
20 34.8 973.2 0.927 
25 41. 2 1000 0.908 

30 45.6 1073.2 0.858 
35 47.2 1100 0.842 
40 46.2 1173.2 0.802 
45 44.2 1200. 0.787 
50 40.0 1273.2 0.751 

60 29.8 1300 0.738 
70 21. 7 1373.2 0.705 

16.2 1400 0.694 
12.5 

9.90 

123.2 6.54 
150 4.51 
173.2 3. 64 
200 3.01 
22:~. 2 2.66 

,~ Extrapolated. 
Values below 290 K are provisional. 
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TEMPERATURE, K 

l11c \-:liliC~ arc tor ,':c!!-;Jnnc[llcd high-purity bismuth. The prob~ble uncertainty of 
'-he rec('1l1mpndecl '-;llllC~ (those [l!]ove 20 K) is of the order of ±S to 110% for the solid 
:;:1[llC;1\ room tcmpcr:llllrc ,mel al:0\'8, increasing tn ±1!1 to ±20'70 for thc molten state_ 
rhe thermal conc1l1cti,-il\ ;It tcmpcr8tllreS I1mr ,mel hclow the corresponding temper
ature 1)[ the conductivity m;lxilllUnl is highl~1 sensitive to small physical fll1d chemic;]l 
vflri~tions among differen!: specimens. and the conduc(hiity values below 20 K only rep
resent a typical curve serving to indic[lte thE g:enernl trend of the low-1,emperature 
beh~vi()r of the ther1l1nl conductivity_ 

3 4 5 

T 

:l 
4 

9 

10 
11 
12 
13 
14 

IS 
16 
18 
20 
25 

30 
35 
40 
45 
50 

60 
70 
80 
DO 

100 

12:3.2 
150 
173. < 
200 
22:1. 2 

):<: 

RECOMMENDED VALUES 

[Tempel"1ture, T, r<; Thermal Conductivity, k, Wcm-t K-1l 

II to 
trigonal 

axis 

k 

0.700 
0.538 

0.434 
0.364 
0.311 
0.272 
0.243 

0.199 
0.168 
0.148 
O. ]31 
0.119 

0.0994 
0.0826 
0.0739 
0.0667 
O.OG12 

SOLID 

-'- to 
Poly-
cry stall inc 

k k 

o 
0.452':' 
3.94 

ll.8 
17.1 

11. 9 
7.98 
5.77 
4.40 
3.50 

2.88 
2.45 
2.11 
1. 85 
1. 65 

1. 48 
1. ~3G 
1. 15 
1. 00 
0.780 

0.635 
0.536 
0.465 
0.410 
0.367 

0.303 
0.260 
0.230 
0.206 
0.188 

O. 159 
O. 136 
0.123 
0.112 
O. 105 

O. !JOO 
0.695 

0.5G8 
0.478 
0.414 
0.365 
0.326 

0.268 
0.231 
0.203 
0.182 
0.16S 

0.138 
0.118 
0.107 
0.09G! 
O.O!lOtJ 

T 

250 
273.2 
2!)8.2 
300 
323.2 

350 
373.2 
400 
473.2 
500 

544.592 

II to .1 to 
trigonal trigonal Poly-

axis axis crystal] inn 

k k k 

0.0581 0.09!l5 0.0857 
0.0554 0.095:3 0.0822 
0.0530 0.0!J19 0.07!l2 
0.0528 0.0915 0.078G 
0.0510 0.0890 0.07GG 

0.0491 0.0860 0.07:37 
0.0481 0.0844 0.0722 
0.0469 0.0822 0.0704 
0.0446 0.0784 0.OG6!l 
0.0438 0.0775 0.0663 

0.0429 0.0761 0.0650 

LIQUID 

T k 

544.5!J2 0.124 
57:3.2 0.128 
600 0.131 
673.2 0.138 
700 0.141 

773.2 0.148 
SOO 0.150 
873.2 0.157 
!l00 0.159 
973.2 0.166 

1000 0.168 
1073.2 0.172':' 
1100 0.175':' 
1173.2 0.179':' 
1200 0.182':' 

127:3.2 0.185':' 
l:~OO 0.188':' 

Ext~apolat.ed. 
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1 

REMARKS 

3 4 5 6 8 103 

The values are for well-annealed high-purity boron. The recommended values (those 
above 2PO K) are probably accu,rate to within ±10 to ± 15%. The thermal conductivity 
at temperatures near and below the corresp0J1diilg temperature of the conductivity max
imumishighly sensitive to small physical ~nd chemical variations among different 
specii'nens, and the conductivity values below 200 K only represent a typical curve serving 
to indicate the general trend of the low-temperature behavior of the thermal conductivity. 

3 4 5 

RECOMMENDED VALlJESt 

[Temperature, T, K; Thermal Conductivity, k j W CT"~1 K':"1] 

SOLID 

Polycrysta.lline 

T k T k 

0 0 123.2 1.35 
1 0.0150* 150 0.935 
2 0.0781>:< 173.2 0.718 
3 0.198 200 0.551 
4 0.375 223.2 0.454 

5 0.588 250 0.371 
0.826 273.2 0.318 

7 1.07 298.2 0.274 
8 1.31 300 0.270 
9 1.54 323.2 0.240 

10 1.77 350 0.209 
11 1. 98 373.2 0;188 
12 2.19 400 0.168 
13 2.39 473.2 0.133 
14 2.58 500 0.125 

15 2.76 573.2 0.109 
16 2.93 600. 0.106 
18 3.22 673.2 0.0994 
20 3.46 700 0.0981 
25 3.92 773.2 0.0964 

30 4.21 800 0.0960 
35 4.30 873.2 0.0966 
40 4.28 900 0.0969 
45 4.19 973.2 0.0980 
50 4.04 1000 0.0985 

60 3.63 1073.2 0.100 
70 3.10 1100 0.101 
80 2.63 
90 2.24 

100 1. 90 

':' Extrapolated. 
t Values below 200 K are merely typical values~ 
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TEM PERA TUR E. K 

nv,i\TARKS 

and estimated values for the 
above 305 K. No experimental menstlrements above 825 K were found. An llnr>Drt'll11h, 

of 15% below 500 K and <In lmknown nl1ymnt nt higher temperatu res appears 
The V;lpor values are hasce on a correlation. Uncertainties of 10% below 450 K, 
from 4S0 to 550 K and unkmwn accl1fflcy ahove !)!)O K appenr probable. The gns values 
:-In' of unc(~rt~ljn flC(,l11'fl('.~r. 

-

;1 t s 

RECOMMENDED VA~JUES 

[Temperature, T, K; Thennal Condur::tivity, k, W em -1 K -1] 

SAT\JnATF.D LIQUID 

T k X J03 

2G6 1. 31 ':' 
270 1. 30~' 
280 1. 27 
290 1. 25 

;~OO 1. 22 
:no 1. 20 
320 1. 18 
:330 1.16 y., 

.140 1. 14 ':' 

:350 .L 11 ':' 
3GO 1. on ':' 
:170 1. O(';~' 
:~8() 1. 04 ':' 
:190 1. 02 ':' 

400 0.99 ,;, 

410 0.97 >« 

420 0.94 >« 

430 0.92':' 
440 O. SD~' 

450 0.87 ':' 
460 0.84>:' 
470 0.82 >(, 

480 O. 7D ':' 
4DO O. 7B'~ 

500 O. 7:3 ':' 
510 0.70 ,;, 

520 O. GG ,;, 

530 O. G3~' 
fi40 O. 0D ':' 

550 0.55':' 
560 0.50 ':' 
570 0.44 ,;, 

580 0.35 ':' 
584 O.28':'t 

S1\ TURA 1ED VAPOR 

T 

~lOO 

310 
320 
330 
. 340 

350 
300 
:370 
380 
300 

400 
410 
420 
~O 

«0 
450 
400 
470 
4M 
400 

500 
510 
520 
5:~0 

540 

550 
5GO 
570 
580 
584 

X 103 

~. 047~' 
('. 049'~ 

0.051 * 
O. 053~' 
~. 055';' 

o. 
O. 
(). 

O. 
G • 

O. 
O. 
G. 
O. 
I). 

1).080':' 
I). 084'~ 
I). 

I) • 

I), 095'~ 

0.144 
J. 16':' 
0.19';' 
0.23':' 
0.28 ,;, 

~, Estimated or extrapolntco, hence Pl'ovls10nrt.L 
t Pspud0-critical value. 

G~ 

T kx1~ 

2~ O. 
2~ O. 
2~ O. 
2~ O • 
29(i O • 

3~ 0.048* 
310 D. 
3~ O. 
330 O. 
3~ ~055* 

350 ~057* 
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TEMPERATURE:, K 

REMARKS 

The recommended values are forwell-annealed high-pirity cadmilm and are thought to be ac
curate to within ±207o at low temperatures, 1:4% at .normal and mrderate temperatures, :I: 6% 
for the solid arid ±] 2% for t.he liquid near the melting {:oint. The thermal conductivity at tem
peratures near and below the con-esponding temperature, T m , ofthe conductivity maximum is 
highly se11flitive to sniall physical and chemical variations among different specimens, and the 
conductivity values below 100 K for kll' l~, and kpoly ani applicable only to samples having re
sidual electrical resistivities of 0.000134, 0.000103, and 0.000112 pn cm.respectively. Values 
at temperatures bel,)w about 1. ,) Tm are calculated by equation (1' and using the constants m, n, 
a" as given in Table I and the parameter (3 '" O. 005!), ,). 0042. and 0.0046. respectively. for 

k1.' and kpoly. 

:If. Estimated or extrapolated, hence provisional. 
t Pseudo-critical value. 

RECOMMENDED VALUESt 

[Temperature, T, K; Thermal Conductivity, k, W cm-t K-l) 

SOLID 

/I to -L to Poly- /! to L to 
c-axis c-axis cry~talline c-axis c-axjs 

l' Ie Ie Ie l' k k 

0 0 0 250 0.840 1. 05 

182 239 220 273.2 0.835 ,1.04 

2 343 442 409 298.2 0.830 1. 04 

3 354 432 406 300 0.830 1. 04 

4 264 314 297 323.2 0.826 1. Oil 

157 167 1M 350 0.821 1. 03 

7:1.8 76.8 75.8 373.2 0.816 1. 02 

40.0 42.8 41. 9 400 0.811 1. 01 

24.6 26.2 25.7 473.2 0.793 0.990 

1(-i.3 17. G 17.2 500 0.786 0.980 

10 11.5 12.5 12.2 573.2 0.760 0.951 

11 8.6R 9.50 9.23 1194.258 0.751 0.942 

12 6.74 7.44 7.21 
13 5.44 6.05 5.85 
14 4. 4~ 5.01 4.83 LiQUID 

15 3.7(, 4.26 4.09 T k 
16 3.23 3.67 :1.52 
18 2.50 2.88 2.75 594.258 O. :i(i8 

20 2.07 2.44 2.32 flOO 0.370 

25 1. 59 1. 92 1.81 673.2 0.389 
700 0.396 

30 1. 3" 1. 67 1. 57 773.2 0.414 
35 1. 23 1. 51 1. 42 
40 1. 13 1. 41 1. 32 800 0.420 

45 1. 07 1. 34 1.24 873.2 0.434 

50 1. 0:1 1. 28 1. 20 900 0.4:19 

60 0.970 1. 21 1.13 
70 0.930 1. 16 1. 08 
80 0.91)5 1. 13 1. O() 

90 0.892 1.11 1. 04 
100 O. 8~3 1. 10 1. 03 

123.2 0.872 J. DB 1. 02 
1;:;0 0.834 1. 08 1. 01 
173.2 0.856 1. 07 1. 00 
200 0.851 J.On 0.993 
223.2 0.846 1. 05 0.987 

l ValUes for ::he liquid state are provisional. 

Poly-
eryst91li"'" 

k 

0.980 
0.975 
0.!JG9 
0.968 
0,963 

0.958 
0;953 
0.947 
O~ 928 
0.920 

0.891 
0.880 
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TEMPERATURE, K 

HE:'-IABI-(E 

The prO\·isionnl,·nlucs nre estimates based on the reported electrical resistivity for high-purity 
calcium 311c1 should be good to ± 20%. 

PROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm -t K-t ] 

SOLID 

T k 

200 2.21* 
223.2 2. 16~' 
250 2.10* 
273.2 2. 06~( 
298.2 2.01* 

300 2. 01~' 
323.2 1. 98~' 
350 1. 94':' 
373.2 1. 92* 
400 1. 89* 

473.2 1. 83* 
500 1..82* 
573.2 1. 79* 
600 1. 78* 
673.2 1. 77* 
700 1. 76* 

737 1. 76* 
773.2 1. 63'~ 
800 1. 53* 
873.2 1. 32* 
900 1. 27~' 

973.2 1. 18* 
1000 1. 16* 

* Estimated, hence provisio 
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The recommehded values are for high-purity amorphous carbon and are thought to be 
accurate'towithin ±10 to20%aboye room tempera:ure. Values below room temperature are 
provisiorial and their uncertainty is considerably larger. . 

•· •• ~~.CQMME~h~~)V~AL~~S.,~·.·'· 
1m ~mperature, T' •.. K; . Th~r;irial. COnductivity;k;WAm~IK.-H· 

SOL1l:> 
Amorphous 

T k T k 

o 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
18 
20 
25 

30 
35 
40 
45 
50 

60 
70 
80 
90 

100 

123.2 
150 
173.2 
200 
223.2 

0 

0.0000361 
0.0000859 
0.000155 

0.000236 
0.000325 
0.000419 
0.000514 
0.000610 

0.000705 
0.000795 
0.000890 
0.000982 
0.00107 

0.00117 
0.00126 
0.00113 
0.00160 
0.00200 

0.00239 
0.00276 
0.0,0312 
.0.00345 
0.00377 

0.00440 
0.00500 
0;00558 
0.00614 
0.00668 

0;00798 
0.00938 
0.0106 
0.0118 
0.0129 

250 0~0140· 

273.2 0.0150 
298.2 0.0159 
300 0.0160 
323.2 . 0.0168 

350 0.Oi76 
373;2 0.0182 
400 0.0.187 
473.2 0.0202 
500 0.0206 

573,2 0 .. 0216 
600 0.0219 
673.2 0.0226 
700 0.0229 
773.2 0.0235 

800 0.0237 
873.2 0.0242 
900 0.0244 
973.2 0.0250 

1000 0.0253. 

1073; 2 0.026.2 
1100 0.026'7 
1173.2 0.0279 
1200 0.0284 
1273 .. 2 0.0297 

1300 0.0302 
1373.2 0.0318 
1400 0;0324 
1473.2 0.0341 
1500 0.0348 

t Values below room tG~~erature arepr'ovisionaL 

....... : 

.:::t: 
m ,., 
3:: 
):It. 
J'~ 

n 
0: 
z: 
C 
C 
n 
""4 <: 
:::; 
~ 

6 
." 

'-1 
::t 
m 
m 
~ 
m 
3: 
m 
Z 
~. 

'~:' 
~ ......... 



!-
'1:1 
:r 
~ 
n 
:r 
(I) 

? 
~ 

~ 
1:1 
9. 
.? 
< 
~ 

Z 
!:I 
~ 

-0 
"I 
M 

T HETIlVIAL CONDUCTIVI'fY DF DIAMOND 

2 TYPICAL VALUES 

f- lUI . - [Temperature, T, K; Thermal Conductivity, k, W cm-i lei] 
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TEMPERATURE, K 

HEMA11KS 

The 3 sets of therl11al conducti'lity values only represent 3 typical curves serving to 
indicatE the general trend of the thermal conductivity of the three types of diamond. 

-
-

-

-

3 4 5 

Type I 

T k 

2 0.0138* 
:3 0.0461 
4 0.108 
5 0.206 
6 0.344 

0.523 
0.762 

9 1. 05 
10 1. 40 
11 1. 79 

12 2.24 
13 2.76 
14 3.33 
15 :3.96 
1G 4.65 

18 G.15 
20 7.87 
25 12. ~) 
30 18.8 
35 24.5 

* Extrapolated. 

SOLID 

Type IIa Type lIb Type I Type IIa Type lIb 

k k T k k k 

0.0331* O. 0200~' 40 29.4 65.9 44.0 
0.111 0.0676 45 32.9 79.3 52.3 
0.261 0.160 50 35. :3 92.1 59.1 
0.494 0.307 60 37.4 112 67.5 
0.820 0.510 70 3G.$) 11$) 69.1 

1. 24 0.778 80 :15.1 117 65.7 
1. 77 1.12 DO 32.7 109 60.0 
2.41 1. 53 100 30.0 100 54.2 
3.17 2.03 123.2 24.2 79.2 41. 8 
4.00 2.58 150 19.5 60.2 32.5 

5.00 3.22 173.2 1G.6 49. :3 27.0 
G.10 3. ~IG 200 14.1 40.3 22.6 
7.32 4.77 223.2 12.5 34.7 19.7 
8.65 5.66 250 11. 0 29.7 17.0 

10.0 6.62 273.2 9. $)4 26,2 15.2 

13.2 8.75 2!J8.2 9.00 23.2 13. G 

16.8 11. 2 300 8. ~j5 23.0 1:3.5 
27.1 18.2 323.2 8. 2G'~ 20.7':' 12. :3'~ 

38. ~) 2G.5 350 7.55):< 18.5>:' 11. 1':' 

51. 8 35.0 :373.2 7.03':' 17.0* 10.2>1' 

400 G.50* 15.4* D.321,' 
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Extrapolated. 

COl'<Dccnvrry i\CHESOi\ GRAPIllTE 
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REMARKS 

L .1 

2 3 4 56 8 10 2 3 4 56 8 102 2 3 4 5 6 8 10~ 

TEMPERATURE, K 

The values ::lboVE 400 K are recommended vnlues f('r Acheson gr::lphite nr.d nre 
considered accurate to within ±10 to ±20%. The v~lues below 400 K are merely 
typical values and represent a typical curve serving only to in~icate the general. 
trend of the thermnl conductivity of Acheson graphite at moderate and low tem
peratures, since the thermal conductivity at temperatures near and below the 
corresponding temperature .)f the conductivity max:mum is highly sensitive 
to small physical and chemical variations among different specimens. 

345 

RECOMMENDED VALUES i 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-t
] 

SOLID 

II to -.L to /I to ..l.. to 
axis of axis of axis of axis of 

extrusion extrusion extrusion extrusion 

T k k T k k 

10 0.00606* O. 00470~' 1073.2 0.644 0.488 
20 O. 0320t~ 0.0235* 1100 0.626 0.474 

30 O. 0791'~ O. 0568~' 1173.2 0.576 0.436 

40 0.148* O. 103~' 1200 0.559 0.422 

50 0.235* O. 158~' 1273.2 0.516 0.389 

60 O. 337~ 0.223':' 1300 0.501 0.377 

70 0.450>:: O. 293'~ 1373.2 0.462 0.348 

80 O. 571~ 0.366* 1400 0.449 0.338 

90 0.694* O. 439~" 1473.2 0.412 0.312 

100 0.814 0.513* 1500 I). 401 0.304 

123.2 1. 07 0.674 1573.2 1).372 0.281 
150 1. 32 0.844 1600 1).361 0.274 

173.2 1. 48 0.966 1673.2 ').337 0.255 

200 1. 62 1. 08 1700 J.327 0.248 

223.2 1. 68 1.16 1773.2 ).308 0.232 

250 1. 70 1.19 1800 ;).296 0.226 
273.2 1. 69 1. 21 1873.2 ~. 277 0.212 

298.2 1. 65 1. 19 1900 ).269 0.207 

300 1. 65 1.19 1973.2 [).252 0.195 

323. ~ 1. 61 1. 18 2000 [).247 0.190 

350 1. 55 1. 14 0.233* . 0.179 2073.2 
373.3 1. 50 1.11 2173.2 0.217* 0.166 

400 1.45 1. 07 2200 0.213* O. 166 

473. ~ 1. 31 0.963 2273.2 0.203* 0.155 

500 1. 27 0.927 2400 O. 191~" 0.144 

573. Z 1.16 0.846 2473.2 0.185* 0.139 

600 1.12 0.816 2600 0.176* 0.132 

673.2 1. 02 0.751 2673.2 0.171 * 0.129 

700 0.988 0.729 2800 0.166* 0.125 

773.2 0.906 0.674 2873.2 0.163* 0.123 

800 0.875 0.654 3000 O. 161 * 0.122 

873.2 0.803 0.607 
900 0.778 0.589 
97:3.2 0.717 0.544 

1000 0.695 0.528 

~, 

Extrapolated • 
tVnlues below 400 K are merely lypical values . 
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TEMPERA nffiE, K 

in:t\lj\lil<S 

l'he \'nIlles above 'I Oil l( ,H'C l'ccommellccd v;1!ue~; 1'01' AGUr :;l'aphitc and ,1.1:8 
considered :lCCUl'atc i,n wi.Lh.n ,I:.JO to J::20'j;). Th;:: values helm\' '.iO(J 1\. arc-' 
typical V~1I.llC:3 nnd represent;l typical Clll've se.rdng ouly tl) il1dic:-'tl~ the 
tnmcl or the thermal eonductivi.ty of AGOT graphite at Inoderat:c ;md low 
perntul'es, since the thel'llld eonductiv Ly a i: temperatures 11ear and belov ... · the 
corresponding temperntul'e of the conc1l.cLi.vHy lll<lximum is highly sensitive 
to sl1lall physical and chemicnl variations :111!l.mg cUTcrent C'.peeimell:3. 

HECOM1IEl'TDED VALUES t 

[Temperature, T, I(; Thermal Conductivity, k, W em-! )(--"1 

T 

10 
~~O 

:30 
40 
50 

GO 
70 
80 
90 

100 

123.2 
150 
17:L~ 

:~oo 

L..L:t.).L.. 

250 
27:3.2 
298.2 
:300 
:na.2 
3!50 
373.2 
400 
4'7:).2 
[.,00 

57:1. 2 
GOO 
{in. 
700 
77:J.2 

:'lOO 
87:3.2 
900 
!)n.2 

1000 

to _1.. to 
a:ds o[ axis of 

e:;trusion extrusion 

k 

0.0091)4 
0.0531 
0.138 
0.262 
0.414 

0.587 
0.776 
0.%8 
1. Hi 
1. :33 

1.67 
1.98 
~!,. Hi 
2.28 
2_ :~2 

2. ;)0 
2.28 
2.21 
2.20 
2.14 

2.03 
L ~)5 
1. 85 
1. 5!l 
1. 50 

L.:D 
J.2"1 
1. 10 
1. 05 
0.9;3(: 

0.898 
O. gJli 
O.7S() 
0.7n 
O. G83 

k 

0.OOi)1!5 
O.02!:iG 
0.O(i28 
0.117 
0.184 

0.261 
O.::,Hi 
O. '1:.l4 
O. [i~:3 

O. (j12 

O.SI0 
1.02 
L 18 
1 .. 31 
1.:;8 

1. 41 
1.4:1 
1. 38 
1. :~8 
1. 34 

1. 2'7 
1. 22 
1. 16 
O. DDS 
O. !)45 

O.S20 
0.779 
O. (i!')1 
O. GGO 
\).591 

O.5G9 
0.505 
O. ,19'7 
O.4;';'± 
0.440 

1';;; tro.polated . 

SOLID 

T 

1073.2 
llOO 
117:3. ~!. 

1200 
127:3.2 

1:300 
J.:37:.L 2 
1L1OO 
147:;' 2 
l500 

157:3. 2 
1600 
1673.2 
1700 
177:3. 2 

1800 
187:].2 
1~)OO 

1ST).2 
2000 

207:3.2 
217:3.2 
2200 
227:3. 2 
2400 

Z4'7:';.2 

. ,. Va.lucs below ·too K arc merely t..\,pjc~d valul:c,. 

to . .L to 
a~\:js of Hxis or 

extrusIon extrns:i nIl 

k 

O. G35 
0.618 
0.573 
0.558 
0.516 

0.50:3 
0.4'70 
0.459 
0.431 
0,421 

0.400 
0.392 
0.375 
O. :)(;0 
O. :35G 

o. :352 
O. :34·1 
O. ~j40 
O~ ~j:J2 

O. :3~W 

O. ;324 
O. :3[7 
O.31G 
0.312 
D. :104 

k 

0.4U~ 

0.394 
0.3[;(; 
0.35~ 

O.3~O 

G. :32:3 
0.303 
0.295 
0.277 
0.272 

0.259 
0.255 
0.245 
0.242 
0.234 

0_ 2:.31 
0.224 
0.222 
O. 218 
O. '')1 r, 

0.214 
0.212 
0.211 
0.209 
0.204 

O.2D7~' O.20()':' 

~ 
1'.) 
o 

:::i: 
o 
"Q 

o 
~ 
rn 
rr-
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j> 

Z 
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TEMPERATUR.E, K 

REiVIAHl\'S 

The vnlues nbovc !JOO K ;11'8 rccOm1l18J1ctec[ Villl.(,~ lOJ.' Ai.} graplllLe and are con
sidered accurate to within ± 10 to :J:200/0. The '·n lues helow 'JOO K arc merely 
typical values ;lnd represent two typical curves .scn·ing only to indicate the general. 
trend of the thennnl. conductivit.y of AT.J graphite [11. moderate ;llld low tCl1lper
;ti:Ul'CS, since the thermal. cOllducthity nt tempccr;JI.l!re~ nEar nncll)dow the 
corrcsponding tcmperature of the conductivity maximum is highly sensitive 
to ~~nlall physical and chemic~ll vnriations nm()l'g different specimcn:::. 

E>.trapoJated. 
l Vd.ues be10w100 K arc merely typic1.l values_ 

RECOlVIMENDED VALUESt 

[Temperature, T. K; Thermal Conductivity, k, W cm-
1 

K-
t
] 

SOLID 

/I to 1. to 
molding molding 

pressure pressure pressure pressure 

T k k T k k 

10 O.OO39W:' 0.00522': 1073.2 0.465 0.607 

20 O. 0192~' 0.0245'" 1100 0.458 0.595 -! 

:30 O. 0457~' O. 0597~' 1173.2 0.437 0.566 ::t: 

40 O. 0826~' 0.109"< 1200 0.430 0.55G m 

50 0.128';' 0.171':' 1273.2 0.413 0.532 '" 3: 
GO 0.181':' 0.24:1* 1300 0.407 0.524. ~ 

70 0.238':' 0.:319* 1:373.2 0.398 0.504 
r-

80 0.298':' 0.400>:< 1400 0.389 0.497 
(') 

90 0.357>:' 0.488'" 147:3.2 0.376 0.480 0 
Z 

100 0.415 0.571 1500 0.372 0.474 C 

123.2 0.541 0.752 157:3.2 0.361 0.460 C 
n 

150 0.673 0.94:6 1600 O. ~358 0.455 .... 
17:3.2 0.771 1. 08 1673.2 O. :349 0.443 <: 
200 0.865 1. 20 1700 0.:3'16 O. 4~~8 =4 
223.2 0.922 1. 27 .177:L 2 O. :3:38 0.428 -< 

250 0.965 1. ;:50 1800 O. :~:'H) 0.424 0 

27:3.2 0.984 l.:n 187~). 2 O. :329 0.414 "'" 
298.2 0.982 1. 29 HH)O 0.327 0.411 -of 

J: 
:300 0.982 1. 29 197:3.2 0.321 0.40:3 m 
:n:}.2 0.972 1. 27 2000 0.319 0.400 m 

:350 0.952 1. 24 2073.2 0.314 O. :3D2 
,... 
m 

37~L 2 0.9:.13 1. 21 211.3.2 O. :J07 0.383 3:: 
400 0.907 1. 18 2200 O. a05 O. :380 m 

47~1. 2 O.8:j4 1. 08 2273.2 0.301 0.374 Z 
-t 

500 0.808 1. 05 2400 0.293 0.364 ton 

57:3.2 0.742 0.967 247:3.2 0.288 O. :358 

GOO 0.718 0.9:38 2600 0.280 0.346 

67:.1. 2 0.G65 0.870 2G73.2 0.275 0.340 

700 0.645 0.844 2800 0.266 O. :328 

77~1. 2 0.5:)9 0.785 287.3.2 0.2GO O. :321 

SOO 0.58:3 O. 76~J 3000 0.250 0.308 

87.'3.2 0.546 0.712 3073 0.244':< O. ;300~' 

DOn 0.532 0.69:3 :3200 O. 2:3:3~' O. 28:r~ 

:)73.2 0.501 0.653 :j27J 0.225;< O. 27:3';< 

1000 O.4D1 0.640 3400 0.209':' 0.252;' 

:>,600 0.170"<' O. '204':' 

:3800 O. On(i~' O. 11;l"~ 

,;, Estrap,)lated. 
t Values below 400 K are merely typical values . 

(,.) 
1\.'1 .... 
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TEMPERATURE, K 

The values nrc merely typical values ~nd represent two curves serving 
of A\VG gr~phif.e. only to indicate th[~ general trend of the thcnnal 

TYPICAL VALUES 

[Temperature, T, K; Twnnal Conductivity, k, W cm-1 let] 

SOLID 

II to ...L to 
moldinb molding 

pressure pressure 

T k k 

10 0.00397 0.00583 
20 0.0181 0.0298 
:30 0.0428 0.0730 
40 0.0783 O. 133 
50 O. 122 0.209 

(lO 0.168 0.296 
70 0.212 0.389 
80 0.269 0.483 
90 0.327 0.582 

100 0.375 0.677 

123.2 0.486 0.878 
150 0.604 1. 08 
173.2 0.682 1. 20 
200 O. 748 1. 29 
223.2 O. 785 1. 33 

250 O. 803 1. 33 
273.2 0.807 1. 32 
298.2 0.796 1. 28 
300 0.795 1. 28 
323.2 O. 778 1. 24 

350 0.754 1. 20 
373.2 O. 7:}~1 1. 16 
400 0.705 1. 12 
473.2 0.635 1. 00 
500 0.611 O.9H5 

(,l 
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I\) 
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THERMAL CONDUCTIVITY OF PYROLYTIC GHAPflJTE 

TYPICAL VALUES 6 
5 

[Temperature, T, K; Thermal Conductivity, k, W cm-J. K-1
] 

3 

~ 2 

i 

~ 10 i5: 8 --

~ 6 
5: 5 
.... 4 
f-< 
5 3 
Ci 3 2 
'.) 

....l 

~ 1 

~ 8 
~ 6 
f-< 5 

4 

3 

-

fl r92~-T 11 ~ 
1 2 3 4 56 810 2 3 4 56 8 102 2 3 4 5 6 8 lOS 

TEMPERATURE, K 

REJ'I'JARKS 

The values are merely typical v:tIues and rDprcsent two typical curves serving 
only to indicate the general trend for the thermal condLlctivity of PYl'olytic 
graphite. 

2 3 4 5 

T 

0 
10 
20 
80 
40 

50 
GO 
70 
80 
90 

100 
123.2 
150 
17:3.2 
200 

223.2 
250 
27:.1. 2 
298.2 
:~t)0 

323.2 
:J50 
:373.2 
400 
473.2 

II to ..L to 
layer layer 

planes planes 

k k 

0 0 
0.811 0.0116 
4.20 0.0397 
9.86 0.078(-) 

16.4 O. 120 

2;l.1 O. 152 
29.8 0.173 
36.6 O. 181 
42.8 O. 181 
47.5 0.17G 

49.7 O. 168 
!)0.4 0.148 
45. 1 O. 125 
:38.7 O. 108 
32.3 0.0923 

28.2 0.0814 
24.4 0.0711 
21. 3 O. 06~H) 
19.6 0.0573 
]9.5 0.0570 

17.8 0.0522 
16.2 0.0477 
15. 1 0.0442 
13. 9 0.0409 
11. 4 0.0341 

SaLlO 

/I to 1.. to 
layer layer 

planes planes 

T k k 

500 10.8 0.0322 
57:1. 2 D. ;3(; 0.0281 
600 8.92 0.0268 
673.2 7.92 0.02:38 
700 7.59 O. 0229 

773.2 6.88 0.0207 
800 G.67 0.0201 
87;1.2 6.13 0.0184 
900 5.94 0.0178 
973.2 5.49 0.0164 

1000 5.34 0.0160 
1073. 2 5.00 O. 0148 
1100 4.88 0.0145 
117:1. 2 4. 57 0.013H 
1200 4.48 0.0134 

1273.2 4.22 0.012G 
1300 4.1:3 0.0124 
137:3.2 3.91 0.0118 
1400 3.84 O.011H 
147:3.2 ;l. G4 0.0110 

1500 3.57 0.0108 
1573.2 :3.40 0.0102 
1600 3.33 0.0100 
1673.2 3. 18 0.00962 
1700 3. 12 0.00947 

1773.2 2. 97 0.00909 
1800 2.93 0.00895 
1883. 2 2.80 0.00860 
1900 2.77 0.00848 
197:1.2 2.66 0.00817 

2000 2. (i2 0.00807 
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TEMP8RATURE, K 

Bl-:A!/\HKS 

The \';;)ucs ;ll)(>vC:' ·IOn K. ;)1'(' 1'('colnll1cndcrl V:liU0S for s'j';")S ~n:lphjte and ar0 

cOIlFidf'reci ;1('(lIrnll' to wiihin ::. 1010 ; ~~n'~;!, 

t,vpie:ll values :llld represent a typic:ll ('lll'\'€' 

trend of the lherm:d comI, cli\'ily oJ ;'.;,:;15 graphite fit ll10derate nne! 10\\' tempcr
:Ii:!! res, since the tlwl'ln;ll cflnducf.ivil,\· :11. lcmpe!'atu res nC:1r :,nd belo'" the 
cOITnspoJ1c1ine; t.emperature 0[' the eoncluctiyil\' ll1~xjmt1m is hi[';hlv sCl1sitin" 
to smaU nl1\~it';iI :1l1d chcmir:ll v:lri:1Liol1s an~()ng;di.lTel'E'nl i':q:C'dl~1el1:;. 

HECOM:v1ENDED VALUI":S 

ITemperature, '1', K; Thermal Conductivity, k, W cm-1 K'-1 J 

T 

10 
20 
:~o 

'JO 
50 

7C 
se 
tiC 

]()( 

12:',2 
1St 
17:,.2 
200 
22::.2 

25D 
27:;, :2 
2[18.2 
:30D 
:12;,.2 

:350 
;37:,.2 
400 
47:),2 
500 

57~l, 2 
(jOO 
Gn.2 
700 
77:;' 2 

800 
87:>.2 
~)OO 

~ln, 2 
1000 

II to 
axis of 

extrusion 

k 

0.00750';' 
0.0411';' 
n. H15~" 
O.HW:: 
O. 3~Jl'~ 

O. 4(5'~ 
O. ()1G'~ 
O. 7'i2~~ 
0.9::0':' 

oe:' 
:3 !I~~.o: 

1. (if,':' 
1. 8:;';' 
1.9:)';: 
1. !)~':, 

1. H~;: 
1. 97';' 
1.92':' 
1. B2';' 
1. sr?,:;: 

1. 81''' 
1. 75';: 
1.69';' 
1. 5<: 
1. 49 

1.38 
1. :]2 
1. 23 
1.19 
1. 11 

1. 09 
1. 0;: 
l.tL 
n. %2 
0.946 

,;, Extrapolated. 

SOLID 

..L to 
:lXlS of 

extrusion 

k 

0.00529':' 
0.0270';' 
O.OGG7';' 
O. 
O. 

0.271';' 
O. :367';' 
0.4G:r:' 
O. 55~)';' 
O. GGO':' 

0.880':: 
1. 10':' 
1.27';' 
1. :1fY:: 
1. 4W:' 

1. 4!1';' 
1. 49';' 
1. 4G';' 
1. 4t,';' 
1 .. Lt:J~:~ 

1.38* 
1. :34":' 
1. 29':: 

1. 18 
1.14 

1. 04 
1.0] 
0.941 
n,UIS 
(I.B(n 

0.842 
0.795 
O.78J 
0.745 
0.7:::4 

T 

107:3.2 
1100 
117:3.2 
1200 
12n.2 

J:WO 
1:37:1. 2 
1400 
14-7:1. 2 
1500 

157:3.2 
1(;00 
16n.2 
1700 
177:).2 

1800 
187:3.2 
1900 
197::.2 
2000 

2073.2 
217:3.2 
2200 
2273.2 
2400 

247:J.2 
2()oO 
2(:i7:J.2 
2800 
287:3.2 

~WOO 

~W7:3 

:)200 
:127:{ 
:.\·100 

:J(iOO 
:>,800 

1/ to 
axis of 

. .L tl) 

axis of 
extrusion extrnsion 

k 

0.910 
0.898 
O.8GS 
0.858 
O. R:.l:1 

0.82:3 
O. gOO 
O.7fl2 
0.7'7:3 
0.76(; 

0.748 
n. 74:~ 
0.725 
0.720 
0.704 

O.6D9 
O.GS5 
O. (iSO 
O. (j(j7 

O. (i(i:3 

0.652 
0.6:>'£-; 
O. 6~12 
0.620 
O.Got 

0.590 
0.571 
0,5GO 
0.540 
0.528 

0.508 
0.49!) 
0.4'7] 
0.454 
0.418 

O. :.:40 
O. U'JO':' 

k 

0.70(i 
0.6% 
O. (i7:: 
O. (j()(j 

0.646 

0.640 
O. G2;) 
O. (ilS 
0.60:3 
O.5D8 

0.58G 
0.582 
0.570 
O.5G7 
0.55G 

0.552 
0.542 
O. (-j40 
0.5:12 
0.52D 

0.522 
0.512 
O. ('il0 
0.502 
O.4!lO 

0.48:: 
0.4'70 
0.4(;:1 
0.448 
0.4:.18 

O. "121 
0.410 
O. :.3DO 
O. ::7(; 
O.:.A8 

0.28:.1 
O.l('(J':: 

t 'falues below 400 K ~lre merely typical values, 
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=1 
~11·::::r -

I ,::, -:--{ I 
-+--- ~ /'--- I .--- 1-- - .... ';" -;) ---- --t:= -4+-_~I/_~_H_________ --: 

-+--- -- =--r=r=- 1-1/- r--- - -f--!- ----t-- - -
r--- ! / +- --- -- -c-r--- - ---r--I-

-I------~- I-t- - - -L_I- -

~+- / /~- - +--~±--
~- /I~ 

]0-' e- , i, ,l: I , , r~'1': i'"'~-To ljj 
1 4 5 6 8 10 :~ 4 5 6 H l()2 :-l 4 5 (i 8 lOs 

TEMPERATURE, K 

nE1\I"m~S 

Thcvnlues :lbove ,1(1) I, nrc rCCr'll1l1lcncicci \'alues fol' S!)OS gr!nhi1.e and are con
sidered aCGlll-;ILp 1.0 "lvil.hin 111 to :O::2i1 .. The \·;ll\1C8 helow 'Ion K are 111ere1v 
t.\·pir:n1 v:ducs ;Ind represcnt :1 t~'piC:l1 Cl1r\"(~ !"crving onl.\· to in~licate the gen'~ 
era1 trend of the the1'111:11 conc!\lcth·it.\· of "~)ns graphite at moderate and low 
tcmperatures, since the then));]l conc!uc:ti\·it.:, at temperatures near and below 
the r:orresponding temper:1(ure of the conducli\"it\· lllaximum .i~ highly sensitive 
to small physical and chcmlcnl v<1rintir!i1f' ;lJ"ili"lll\[ different sl)c2imens. 

a 4 [, 

n ECOMi\IENDEJ: VALUE~ c 

[T~)l1lpCratllr(\ T, K; Thermal Conductivity, le, W em -1 K-1] 

SOLID 

1/ t'J J_ (:0 II to .1- to 
axis oj axis of axis o[ axis of 

extrusion oxtl'u.s.iO]) extrusion extrUSion 

T k k k k 

10 0.0070[)':' 0.00542':' H7:3.2 0_7G4 O. ():jO 

20 D.0:381':' D.0278':' 1100 O.7 t h9 0.6:38 

:30 O. 0~)61':' 0.0(;87':' 117:3.2 0.711 0.609 

40 0.182':' 0.12'7':' 1200' O.G!)!) O. GOO 

50 O.28W:' 0.200':' 1273.2 0.6G8 0.5'77 

GO 0.419':' 0.287':' UOO 0.G59 0.5G!) 

70 0.55D':' 0.37D:·:' 1:)7:3.2 O. G::I4 0.550 

80 0.702':' 0.475':' 1400 0.G2G O. 54~~ 

90 0.845':' 0.574':' H7:3.2 0.G05 0.52() 

100 O. D84': 0.678':' 1500 O. 5~)7 0.520 

12:1. 2 1. 27':' O. !lO8':' 1573.2 0.571) 0.504 

150 1. 55':~ 1.. 15':' 1:;00 0.57:) 0.498 

1 n. 2 1.71':' 1. :31':' l'7:J.2 0.559 0.484 

200 1. 8:]':' 1. 43':' 1700 0.554 0.47!) 

22:3.2 1.. 88':' 1. tUY:' 17n.2 0.54] O. Mi8 

250 1. 8W:' 1.52':' 1800 0.53() O.4G4 

27:3.2 L 87';' 1.. 51':' lS7~1. 2 0.524 0.455 
298: :;>, 1. 8:3':' L 48':' 1900 O. fJ20 0.452 

:300 L 82':' 1. 48':' H>7:l. 2 0.508 0.44:3 

:32:3.2 1. 77':' 1.404':' 2000 0.504 0.440 

:J50 L 71':' 1.40>:' 20n.2 0.494 0.4:32 

:373.2 1. G(),:' 1. :W':' 21n. 2 0.481 0.422 

400 1. 591" 1. :32':' :2200 0.477 O.41!) 

47~1. 2 1. 4:3'~ 1. 20':' 2273.2 0.4G7 0.412 

500 1. :;)81" 1_ 15':' ~400 0.450 O.:}!)!) 

57:3.2 1.. 25':' ].05':' ~47:3. 2 0.440 O. ::Itl2 

GOO 1. 21;" 1. 01':' 2600 0.422 O. :377 

G7~1. 2 1. 11':' O. D:3:3':' 2673.2 0.411 O. :3G9 

700 1. 08':' O. DOW:' 2800 0.392 0.353 
77::_ 2 O. D!)8::' 0.84:3':' 287:3, 2 O. :380 0.:3<12 

800 0.97(),:' 0.821':' :3000 O. :358 O. :320 

873.2 O. D02 0.768 30n 0.344 0.307 

DOO 0.880 0.749 :1200 O. :31:] 0.282 

9Tl. 2 0.828 0.70:3 327:3 0.29:3 0.2G5 

1000 0.810 0.GS7 3400 0.251 O. 2~32 

:IGOO 0.160 0.150 
:)800 0.04:W';' 0.0400':' 

r~xt:rapolatecl. 
t Valw.:)s below H)IJ K are merely typied values. 
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TTfEHMAl, CONDUCTIvlTY 01: CEnIUlVI 
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~----~-~--~--t-~--~-~-4·~~-+-+--~--·+-4-4-+-~-+----+-~-+~ 

f- I ",,""--

1--------- .--1--- - --~'I--- --I--·-f--+-+- ""/~~~ 

/"" 
J---- -f- -.-- ,.;// -1---1-1----.. .----+---I---I---l 

~- --_I_I-- >- ---t-- -.- -1------1---- ........ _+-~~+--~-+----+-+---I---l 
f- //"" -

/' 
------t---t-+-t-I--t--f---+-- f--r-- // ~ - .--~- f--~ 
I--- eo / -- --I--~ 

-,\\.~ / 
>{,lY // -+----l---l~--I-------4--I--I-I---I__I__---I-___I-.J__~ 

od'O/ 
~----. ~d~ --;--+-r1--+--t---~--+-4-4-+-I--~---+-~~~ 

~ -
f- t-- ---- .. -4--+-~-+-_+--+-----I---+~~ 

.-.f----+--- 1---1-- - ---+---i---+--f--! ---t-~---+--I-~-I--+--+-+---+--+~-I 

-+--~-+-.---

-... I -1-1- f--

___ ... - --1--- -- ._-1-- f--.---I·- --t-.I-I--+--+----+--+--l-. ..j 

'-.j~ ~. T. pry-oJ IOU" K-

I- Ncel

1
t01

l
n P

I
" 11:~ 'I{l L P. r~)Ti:; li3') ai" ','-, I ri\l. Pi 10

M

'1
7 }(I-

t-. __ .. _ ,_ I ___ , I I I I \ ) III I _ t 1 I~ I J 
J. 2 .'3 4 56 8 10 3 4 ;; 6 8 102 

TEMPERATURE, K 

2 3 4 5 6 8 103 3 4 5 

HEMATIKS 

NC[lr room tp.nlnf'r!ljll of the pro\isional v;llnes is prob~hly of the 
order of it 'will bCjre:1ter at lower temperatures on account of the phase 

tr~nsformaticn. The values below 270 K are applicable only 
rcsistivity ratio n (29:3 K)/p (20 I() =c I. 9:~. 

~, 

(..) 
I\) 
(T.I 

PROVISIONAL VALUES 

[Temperaturc, T, K; Thermal Conductivity, k, W CI11-
1 1(-') 

SOLID 

Polycrystalline 

T k T k 

0.002GO':' 80 0.0521':' 
U.00:173 90 0.05Gl':' 

4 0.00482 100 O.OGO(),:' 

O.OOrJ84 12:). 2 O. OG7~),:' 

0.00G83 150 0.07(i(j':' 

7 O.OO77fi 1n.2 0.0828"" 

8 0.008G8 200 0.0900':' 
~) O.OODS!) 223.2 0.0958':' 

10 0.0105 250 O. 1025':' 

11 0.0113 273.2 0.108':' 

12 0.0122 298.2 0.113 ::t 

13 0.01:30 300 O.lH 0 

14 0.0]38 323.2 0.119':' 
." 

15 0.0147 ;]50 0.124';' 0 
If> 0.0155 373.2 0.128':' ~ 
18 0.0171 400 0.1:33';' 

m 
f("'" 

20 0.018G 473.2 O. 145~' !'"" 
25 0.0224':' 500 0.150';' » 
30 0.0260':' 573.2 O. IGl':' Z 
:35 0.02fJ:3';' GOO o. J.()G~' C 

40 0.032:3':' Gn.2 O.17W;' !: 
45 0.0:352';' 700 O. 180';' r-

m 
50 0.0379';' 773.2 0.18!),;' ..( 

GO 0.0432':' 800 0.193':' 

70 0.0478':' 873.2 0.202':' 

900 0.20(),:' 
973.2 0.215':' 

1000 0.218':' 

f,:;Lrajlnl~lj.('d (1]' jnl('rpn]:Ucr\. 
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rlIEH;\I:\L c()~m'CTI\TrY (IF CES[(':'II 

10 1-___ +-_+_-1_ 

i-------t- I I I I·-+-+ I I I I I I I I I I ~- I I I 
~----+---I- -I-+--+-+-----f--+--I-I-+-I--I-- I I I I I I -+--l 
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~ ... 
::... 

o 
-
~/ -

4 ~/~-!--+----J.-hl -~i ---rml-t-t-r--t-f-iiiFm= I II 

2 r-J=tBm +---+-+-++-t-t-

----mrm -H-4-
_·/1911Ie/ 

;: ';-'t=tmftf=t II HfE~:=-~ 

~-+--+-+-++-+-l----J. I I I I ·l--+----\---l--+--I-I--+-4--

---+--+-+-++--+-+----j---+-+-4+ I I f--1-t-!! I I 

-------/--.-+- I I I I I -+--+-+ 

JO-? L-LL 
:) 4 5 6 B 4 5 6 8 102 ;l 4 5 6 8 103 3 4 5 

TEMPERATURE, K 

f:EMArlhS 

The t"ccommcndcd v:lIU(::" :l rc j",,1' iligl1-pul'ih' cesium amI are thought to be :lceurate to 
within Jeft';", oJ lhe' true \'alllc:c ~lt temperatures helow 15 K :lnd from room temperature 
to about.] SilO K. The Lhcrmal corductidty nllemperature ne:1J' and below thecorresponding 

of the cOl1ductidl.\· mnxi mum is highly sensitive to small physical and 
different speeimells, ;:Inti [he l'ecommended values below 40 K 

rcsiellwl electrical resistiVity (:.0 = 0.0418/.1-0. cm. 
3 "I'm are calcuhltcd to fit experimental data hy 

O:WO. and j3 '7 1.,1. 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W CI11-
1 K'·1] 

SOLID 

T 

2 
a 
4 

10 
11 
12 
1:1 
14 

15 
1G 
18 
20 
25 

30 
:35 
40 
45 
50 

GO 
70 
80 
90 

100 

123.2 
150 
17:3.2 
200 
22:3.2 

250 
27:.30 2 
298.2 
:WO 
301. 9 

Ie 

0.574':' 
1. 02':' 
1. 19 
1. 14 

1. Oll 
O. ~);35 
0.837 
0.7G9 
0.720 

O. 68~) 
0.6G6 
O. M7 
O. G30 
O.G15 

O. GOO 
O. 5~JO 
0.572':' 
0.554':' 
0.523':' 

0.500':' 
0.48:1':' 
0.470':' 
0.457':' 

. 0.447':' 

0.4:30':' 
0.420':' 
0.410':' 
0.402':' 
O. :397':' 

O. :387':' 
O. :378':' 
0.373':' 
0.3G8':' 
O. :.lG5':' 

O.3G:r:' 
0.361':' 
O. :359 
O. :35!l 
0.35!l 

LIQUID 

T k 

301. 9 0.197 
323.2 0.1$)8 
:350 0.200 
373.2 0.201 
400 0.203 

473.2 0.205 
500 0.205 
57:3.2 0.20() 
GOO 0.205 
673.2 0.202 

700 0.201 
773.2 0.19G 
800 0.194 
87:3. 2 0.187 
97:3. 2 0.177 

1073.2 0.16G 
1100 0.163 
117:3.2 0.15:3 
1200 0.150 
127:3.2 0.140 

1:WO 0.136 
1:373.2 0.12G 
1400 0.122 
1473.2 0.112 
1500 0.108 

1573.2 O. 0~)8 
1GOO 0.094 
1Gn.2 0.084 
1700 0.080 
1773.2 0.070 

1800 0.066 
1873.2 0.055 
1900 0.051 
1973.2 0.03W:' 
2000 0.02W:' 

':'Extrapolatecl, interpolated, or estimated, hence provisional. 
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TTlFHi\IA1, CO)\;DTJCTTVTTY CHCHJ,{lnT:KJ; 

t=-ctJ-ttLt I I I II tt--j L111 I I t-=t--tj 
~ ~--l------t-IIIII 111111 +-111111 111 

3 - I I I 

2 ..... -~<i' +--+-t-t-+--+------+-----i---+-+-I-+-+-----I--~+

'" 

6 
5 

-----4-f-- I I! ! --t----+-+ 

" ~-
1~~ F=+1=W++i =1-~i~~r~m 

I 
4 

3 

2 

I-- I I I I I I 

1----+-+-1 I I I I , I 

---+----+-1--- ti~"'~ ,l 1 I I I III liH1: 
f :' 1~- ~---- ---- - --- - - -- -------f-- I _ =t--j---~-u_ 1 1 1 I 1..":1 

6 f----,-- --- --

5 -- --- -l 

4 - I -- ----+-f--W 
3 ------f-- - I 1--+---- - - -1-1-- - -3--1- 1--

2 1---------\-----+--- - N_ H_ P. 2::!)K - -I--

I- N i\I P 172 1< C. T. 417 K -

10-" iii ,1,\ ~Il nl, 1,1 , I I _~~ 
2 3 4 :5 6 8 10 2 3 4 56 8 102 2 3 4 5 () 8 103 2 3 4 5 

TEMPERATURE, K 

HEl\IAHJ\S 

TIle! liquid ;Inc! VrlpOi' values ;lI'C bnsec 011 a corn)lnlioll for cliatnl11ic suhstances. No 
experimental c1nLa were located to verif,y the present estimates, wh.ich must he rcgnrclcd 
ns provisional.. The gas vnh:cR, hased on suh;ltmosrheric pressl1 re experi l11enlc: of n single 
sou ree, ShOll lei be accur:ll:c to 

PIWVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W em--! K-li 

SATTJI;AT ED LIQUID 

T k x 10:3 

172 ]. 9:J .~ 

180 1. tiD ,;, 

IDO L 85 ':' 

200 1. 81 ,;: 

210 ]. 7(j ,;, 

220 1. 72 ,;, 

2:\0 1. Wi" ,;, 

240 1. G3 ,;, 

250 1. 58 ,;, 

21iO 1. 54 ,;, 

270 1. 49 ,;, 

280 1. 44 ,;, 

290 1. :H) ,;, 

:WO 1. :.)4 ,;, 

:no 1. 2D ';'. 
:120 L 24 ,;, 

~~:30 1. 18 ,;, 

;{40 1. 1:3 ,;, 

350 1. 07 ,;, 

:3GO 1 01 ,;, 

:310 0: 95 ,;, 

:380 0.88 ,;, 

:390 O. SO ':-

400 0.72 ,;, 

410 O. (;2 ,;, 

417 0.40 ';'-t 

,;, Estimated, hence provisional. 
-t Psem_-o-critical value. 

SATURATED VAPOR 

T k X 103 

200 0.054 ,;, 

210 0.058 ,;: 

220 O. OGI ,;, 

2:30 O.On5';' 
240 O. Or,S ,;, 

250 0.074';' 
2GO 0.078';' 
270 0.082 ,;, 

280 0, 08Ci ,;, 

2nO 0.092';' 

::WO 0.097';' 
:no 0.10:1 ,;, 

320 0,110 ,;, 

~~;:.10 0.117 ,;, 

:l/JO 0.125 ,;, 

;;50 0.1:14 ,;, 
:j()() 0.144 ,;, 

:370 0.155 ,;, 

:180 O. HiS';' 

:WO 0.183 ,;, 

400 0.210 ,;, 

410 O. 25 ):~ 
417 0.40';'-1' 
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239 
240 

250 
2(}0 
270 
280 
290 

:::00 
;;10 
~;:~O 

TH) 
:HO 

:.150 
:11;0 
:i70 
~~80 

:390 

400 
410 
420 
4:30 
440 

450 
4()0 
470 
480 
4!>O 

HECOMMEl'DED VALUEf) 

GAS 
(At 1 atm) 

k x 10:1 T 

0.OG8 
O.OG8 

0.-07] 500 
0.075 510 
0.078 520 
0.082 5:lO 
0.085 5,10 

0.089 :);10 
O. OD:~ ;)()O 

O. O~J(-i 570 
O. 100 580 
0.10;3 5(11) 

0.107 (;00 

0.110 1310 
0.1 J4 (,20 
0.117 13:;0 
fJ. 120 i;-to 

O. 124 h;;n 
O. ] ~7 f~{IO 

0.1:11 ;)iO 
O.l:Q .).,0 

O.ITI (,9(1 

O. 141 -;1.,0 

0.114 
O. 147 
O. J50 
O. l!):~ 

THEn:vrAJ, CONDUCTIVITY OF CHLORINE (eontitlued) 

k>: 103 

O. :5G 
0.1GO 
0.163 
O. If';!} 
0.170 

O. 17:i 
O. L7() 
O. L80 
O. L8:3 
O. 136 

0.190 
O.ln 
O. 1~)5 
0.197 
0.200 

0.202 
0.205 
0.207 
0.210 
O.2J2 

0.215 
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TEMPERATURE, K 

HEMAHKS 

The recommended v~lll1es are Jot well-annealed high-purity chromium and are thought to be 
accurate to within ±U% oJ the trw valucs at temperatures below 1:30 K and above 700 K, and 
:. :1% from 150 to iOO i( except possibly near the Neel temperature. 1'he thermal conductivity 
;11; f:clIlpcratul'CS ncar and bclo'w thc corresponcling temperature, '.I.'m. or the concluctivity max
imum is highly sensitive to smal physicnl a1d chemical variations among different specimens. 
:mcl the recoll1mended v:tlucs below J SO K :lr'J npplicnble only to n specimen hnving residual 
electrical resistivity Po c.' 0_ OGOt, IJ-Q em. Values llt temperatures below about 1.5 T111 are 
c:l!culaterlto !'it cxpcl'jmental dat:l hy using eCjuation (7) and using constants 111, n. and ex" ns 
gi\'0.11 ill T:thle 1 ;tlld P 2. II!). 

!I::: 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal. Conductivity, k, W <:m-1 K· .. 1J 

SOLID 

PolycrystrJline Polycrystalline 

T k T k 

0 0 :150 0.929 
1 0.402';' a 7:3. 2 0.921 
2 0.803 400 0.909 
:3 1. 20 473.2 0.874 
4 1. GO 500 0.8GO 

2.00 57:3.2 0.822 
2.3lJ 600 0.807 

7 2.27 673.2 0.769 
8 a.14 700 0.756 
D a.50 77a.2 O.72G 

10 :3.85 800 0.71:3 
11 4.17 87:3.2 0.688 
12 4.48 900 0.G78 
1a 11. 76 H73.2 O. ()(i0 
14 5.01 1000 0.654 

15 5.24 1073.2 0.640 
Hi 5.44 1100 O. G3G 
18 5.74 1173.2 O. G24 
20 5.93 1200 0.619 
25 5. ~):{ 127:3. 2 0.608 

30 5.4!J 1:100 0.604 
:35 4.88 1:37:{,2 0.592 
40 4.25 1400 0.588 
45 3.67 1473.2 0.576 
50 3.17 1500 0.572 

GO 2.48 1573.2 0.561 
70 2.07 1600 0.556 
80 1. 84 1673.2 O. 546~' 
90 1. GH 1700 O. 542~' 

100 1.5H 177a.2 O. 530~' 

123.2 1. 43 1800 O. 52()~' 
150 1. 29 1873.2 0.514';' 
17~L 2 1. 20 1 !JOO 0.510';' 
200 1.11 197:3.2 O. 4H8~' 
22:L 2 1. 06 2000 0.494';' 

250 1. 00 207a.2 O. 4 S2~~ 
27:L 2 O.9G5 2100 0.478';' 
298.2 O. H:39 2118 O. 475~~ 
:.lOO O. !J:{7 
:32:L 2 O. !):J:l 

Extl'apo:ated. 
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TEMPERATURE, K 

The recommended valnes are for well-annealed hi~h-purity cobalt and a::"e considered 
accurate to withh ±5'70 of the true values near room temperature, ± 10% at low temper
attlrcs and up to LOOO K, and ± 20% fron 1000 K to the mclting point. Tte thermal con
ductivity at temparatures nEar and belcw the corresponding temperature. Tm. of the 
conduetivity maximum is highly sensitilr € to small physical and chemical varintions 
among different specimens, and the recommended values below 200 K are applicable 
only t) a specimen having residual electrical resistivity Po = O. 09075 /.in cm. Values 
at temperatures :)elow about 1.5 Tm are calculate:! to fit experimental data by using 
equation (7) and using constants m, n, flnd a" as given in Table 1 and f3 '= 3.71. 

("'l\}l'\':I1:!.::'t 

- RECOMMENDED VALUES 

- [Temperature, T, K; Thermal Conductivity, k, W cm -1 1(;"1] 

SOLID 

Polycrystalline 

T k T k 

0 0 250 1.10 - 1 0.270* 273.2 1. 05 
2 0.539* 298.2 1. 00 

- 3 0.808 300 1.00 

- 4 1. 08 323.2 0.963 ..... 
X 

5 1. 34 350 0.022 m 
6 1. 61 373.2 0.890 '" ~ 7 1. 87 400 0.854 ~ 
8 2.13 473.2 0.771* ,... 
9 2.38 500 0.747* n 

-
-

10 2.63 573.2 0.692* 0 
11 2.87 600 0.674* Z 

0 
12 3.10 673.2 0.633* c:: 
13 3.31 700 0.621* n 

- 14 3.52 773.2 0.592* oiiooI 

:< 
15 3.71 800 0.582* :::i 
16 3.89 873.2 0.556* -< 
18 4.19 900 0.548* 0 20 4.43 973.2 0.527 ." 
25 4.70 1000 0.521 .... 
30 4.58 1073.2 0.509 ::c 

m - 35 4.24 1100 0.505 m 40 3.78 1173.2 0.495 ,... 
~--- -

2 3 4 5 
45 3.34 1200 0,493 rn 
50 2.99 1273.2 0.482 ~ m 
60 2.49 1300 0.472 Z .... 
70 2.17 1373.2 0.425 '" 80 1. 94 1400 0.417 
90 1. 78 1473.2 0.424 

100 1. 67 1500 0.425 

123.2 1. 53 1573.2 0.428 
150 1. 38 1600 0.429 
173.2 1. 30 1673.2 0.430 
200 1. 22 1700· 0.430 
223; 2 1. 16 1767 O. 431'~ 

,;, Extrapolated or interpolated. 

~ ..;a. 



!-
'"tI 
::T' 

~ 
() 
:r 
<1l 

~ 
;:1;1 

~ 
'=' 
tl 

,0 
< 
~ 

z 
? 
.!'-' 
-.0 
'l 
~ 

THEHlVTAL CONUJCTIVITY')F COPPEn 

r 
:.:~ 

I' 
v 

.~ 

~ 
~ 
r 
v 
g 
~ ,-' 
---...-; 

c::; 
~2 

10 3 

8 

4 

10" 

8 

4. 

3 

TO 

~;-: -t - =--, --~~-1=-t~~~ 
B-- v4--- -J-- =9-,---ifff\(- 1- -I--r-----,~-H-l-+----: -+ 

~~ ~ - _J =~- 1-- = -Tr~~ _ 
t-'-"-I --, -'- - ---- ~ - ~Q=f~.~Ht \----+---+ '-- --- -I :3=t-1=h---rt:=--r-
f---r--+- -- I=-±fi, ±--l~ Fl --r 
-- - I ~- -r-- ~- t-H+I- r -lH1UH ill - iMt1C( '\~iTt 

! II I ......... I 

4. 5 G 810 4. 5 6 ~ 102 2345G81OS 3 4 fi 

TEMPERATURE, [" 

I::E:'IIAHI'.S 

The recommended values :1rc for well-anllealed hig;h-puri.ty copper and considered 
accurate to within ~:2'};j of tlw tJ.'ue values nO:lr 1'00111 l.o)'nperature <Inc! at iow n.nd 

)l'aturcs. The vn lues ,'01' molten copper up to ahollt 2000 K should be good 
The therm:t1 conductivity nt temperatures nen1' and belov.: the correspond.ing 

t.emperature, Tm, of the conduc:;ivity mnx.imum .is I' 
specimcns. 

residual electrical 
.' about 1. i) 'I'm are ~alculate(1 

using equation (7) and llsing con:"tDnts ln, ll, ,mel a" as listed in 

R.ECOMMENDED VALUES t 

[Temper;}lurc, '1', }(; Thermal Conductivity, k, W ,::m-- t lel] 

SOLm T..IIQU[D 

T k T k '.I' k T 

12:3. :2 <1. ,17 1:357.6 1. 66 :3473 
150 4:. 2~) 1:n:3.2 1.6G 3600 

0 1'73.2 4.20 1400 1. 67 367~l 

12~i ;~oo 4.13 1473.2 1. 70 3800 
.J 162 223.2 4.ml 1500 1. 71 3873 

195 250 4.06 1573.~2 1. 73 4000 
G 222 27:':.2 4.03 HiOO 1. 74 40'7:3 
7 2:39 2DtL 2 4.01 1673.2 1.76 4273 
8 ~48 300 4.01 1.700 1.77 "1500 

2<19 ~)2:) .. ;'; J.!J9 177:3.2 L7!l 4773 

IO 24~1 350 :3.96 1800 1. 79 5000 
it 2:.32 ~·;7:3 .. 2 3.95 187:3.2 L80 5273 
12 218 '100 3.93 1900 1.81. 5500 
13 202 ·17:3.2 3.88 19'7:3.2 1.82 5773 
14 186 SOO :L8G 2000 1.82 6000 

Hj In 578.2 3.81 2073.2 1. 8~1 6273 
J6 l57 GOO 3.79 217:3. ;~ 1.84 6500 
18 1:31 673.2 3.74 2200 1. 84 677;) 

20 108 700 3.7:3 2273.2 1.84 7000 
25 68. ;) 773.2 3.68 2400 1.84 727:3 

30 44.5 800 3.66 2473.2 1.84 7500 
35 30.4 873.2 3. G1 2600 t.84'~ 7.773 
40 21..7 !l00 3.5D 267:3.:? i.84':' 8000 
45 16.2 97:3.2 :3.54 2800 1..8:3';' 827:3 

50 12.5 1000 :~~. 52 2873.2 1. 82':' C. 'T .=8500 

(;0 8.29 1073.2 :3.47 ~lOOO L80'~ 

70 G.47 1100 3.·16 3073 1. ?9'~ 
00 5.57 1173.2 3.41 ;3:::00 1. 78':' 
~JO f::i.08 1200 3. :j!) 327:3 1.76';' 

tOO 4.82 1273.2 30 ~14 3400 1. 74'~ 

i~WO 3.:32 
:l:.'l57. G :_~. 28 

Extrapolated m" cstimated. 
'l' Values above 2000 K are Jrovisional. 

k 

1.'7:F 
L 70':-
1.6!P:' 
1. ()f1':' 
LG:5':' 

1. (it':' 
L 60':' 
1.54':' 
1. /J8':' 
1.4(1':' 

1. :33':; 

1.24':' 
1.17':' 
1. Wi': 
O. 98D~' 

0.88W:' 
0.804';' 
0.698':' 
f).6U';' 
0.50:3';' 
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TEMPERATURE, K 

HEMAHKS 

The provisional values arc for well-.,annealed iligh-purity dysprosium and are considered 
accurate to within :I: 15'70ofthe true values at temperatures from 200 to :100 K and ±15 to ±25'7o 
above 300 K. At temperatures below 200 K tlle vlllues ar3 highly conditioned by purity 
:md imperfection, and the values £)1' kll , k.l. and I<polv arc applicable only to samples 
having residual electrical resistivities of 5. 77, 4.59:' tll1d 4. 93 J,JD. cm, respectively. 
Heliable uncertainty li.mits for the values below 200 K can hardly be given. 

PROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity. k, W cm-· t Jet] 

SOLID 

II to .1. to Poly- II to .1. to 
c-axis c-a;ds c'-"ystalline C-3..'(i.s c-3..'(is 

T k k k T k k 

250 0.111 0.0987 

1 0.0102 273.2 0.114 0.101 

2 0.0208 2H8.2 0.117 0.103 
a 0.0324 300 0.117 0.103 
4 0.0442 323.2 

5 0.0561 350 
0.0539 0.0757 0.0676 373.2 

7 0.0626 0.0865 0.0776 400 
8 0.0704 O. OHM 0.0868 473.2 
9 0.0778 0.106 0.On53 500 

10 0.0844: 0.113 0.102 573.2 
11 n.0901 0.120 0.10H 600 
12 0.0:)56 0.126 0.115 673.2 
13 0.100 0.131 0.120 700 
1.4 0.104 0.136 0.1.24 773.2 

15 0.108 0.139 0.128 800 
16 0.111 0.142 0.131 873.2 
18 0.116 0.148 0.136 DOO 
20 0.121 0.156 0.143 973.2 
25 0.132 0.165 0.153 1000 

30 0.127 0.158 0.147 1073.2 
35 0.125 0.151 0.142 1100 
40 0.124 0.148 0.139 1173.2 
45 0.12:3 0.145 0.137 1200 
50 0.123 0.1'12 0.135 1273.2 

60 0.121 0.136 0.1.31 1300 
70 0.120 0.131 0.127 1:3n.2 

80 0.117 0.124 0.122 1400 
90 0.101 0.113 0.105 1473.2 

100 O.OHG!) 0.110 0.101 1500 

123.2 O. 0~)29 0.106 0.On71 
150 0.0874 0,0968 0.0904 
In.2 0.0887 0.0887 0.0887 
200 0.103 0.0931 0.OD63 
22:~. 2 0.107 0.0960 0.0995 

':'Extrapolatcd or cstimatl'd . 

Poly-
crystall inc 

k 

0.103 
0.105 
0.107 
0.107 
0.108':' 

0.108'~ 

O. 108'~ 
0.10H~' 

o. 1i3'~ 
O. 115'~ 

O.11D'~ 
0.121':' 
O. 127~' 
O. 129'~ 
O. 135'~ 

O. 137'~ 
O.143'~ 
0.145* 
0.150'~ 
O. 152;~ 

O. 158'~ 
0.16(».~ 

0.165':' 
0.167'~ 

0.1'72':' 

O.174'~ 

0.180'~ 

0.182':' 
O. 1~7':' 
O. 18!)~' 
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TEMPERATURE, K 

1:l::'If,\I.iKS 

The provisional values arc for well-annealed high-purity erbium and are thought to 
be ac:cu rate to within ± 13% at tell1l:eratllres from 200 to ~oo K and . .': 20% above 800 K. 
AI. temperatures belff\\' 200 I\: the \falues are ,·ery uncert:;in. 

PHOVISIONAL VALUES 

fT('mrx~rattll'c, T, K: Thermal Conductivity, k, W em" K--'J 

SOLID 

..L to Poly-/1 \:0 
c-axis c-a .. "\:is c7stallinc 

T k 

o 
.1 
2 

'1 

5 
Ii 
7 

!) 

10 
H 
12 
1:1 
.t4 

15 
Hi 
18 
20 
25 

30 
~15 

to 
45 
50 

o 

O.OG12 
O.06(j(j 
O.OG!l(; 

O. 072:~ 
0.074;; 
O.07(l0 
O. ()774 
0.0787 

O.07H7 
O.080!) 
O.OH40 
O.06;)!) 
O.072D 

O.07(j2 
0.0820 
0.0851{ 
O.087G 
0.087'1 

()() O.0!)!)2 
70 0.107 
80 0.121 
DO (J. 1:3!J 

100 0.150 

12:3. 2 0.lG3 
150 0.174 
17:;'2 0.180 
zoo 0.185 
22:1. ~ 0.187 

k 

0 

O. fl55R 
O.OG12 
n.O()5S 

O.O(iH8 
o.ont 
O.07Gl 
0.0788 
0.0810 

0.0830 
0.0845 
0.0880 
O.08(jil 
O.OH:34 

0.09;18 
O.OD55 
0.O!JG3 
O.O!Hi(i 
0.OlJ57 

0.OD74 
0.101 
0.102 
0.104 
0.108 

0.113 
O.11D 
0.123 
0.126 
0.128 

.. Extrapolated or cstinillted. 

k T 

250 
0.0085G 27~1. 2 
0.0171 2DS.2 
O.O:!.Gl ;300 
0.0:.15G 323.2 

0.0442 350 
0.0515 37:3.2 
O.057G 400 
0.OG28 47:1.2 
O.OG72 500 

O.O7lll; 57;3.2 
0.0735 GOO 
0.0762 m:3. 2 
0.078;; 700 
0.0802 77:3.2 

0.081!) 800 
0.01):3::) 87:3.2 
0.OHi7 DOO 
0.0782 Dn.2 
O.08GG 1000 

0.0875 1073.2 
0.OD08 1100 
O.OD2!) 117:1.2 
0.0!J:35 1200 
O.O!)2!) 127:.1. 2 

0.OD80 1;100 
(). 10;; J :373.2 
0.108 1400 
0.115 147:.:' 2 
0.122 1500 

0.1:)0 
0.1;37 
0.142 
O. JAG 
0.148 

lito J.. to Poly-
c-axis c-Dxis crystallinc 

k k k 

0.188 0.128 O.Bs 
0.187 0.127 O. 1-1" 
0.184 0.12G O. ).·IG 
n.184 0.12(i 0.11:.\ 

O. J-I.J: 

0.1400:' 
O. u(r: 
O.14n:· 
O • .140: 
0.14F 

O. i'12':' 
O. :1.·1:1': 
n. j·:j5':' 

0.14(;:: 
O. i·I!J':: 

0.150':: 
0.15:3';: 
0.154';: 
0.158';: 
O.15!P;: 

O. 1 (j~l';: 
0.165';' 
O. l(j~F:: 

0.171':: 
0.17G';' 

0.178';: 
0.183':' 
n. Hl5';: 
O.lDO':: 
O. t!lt':· 
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TIEMARKS 

The provisional values arc for high-purity europium and are probably good to 
within ±20%. 

PROVL',IONAL VALUES 

[Temperature, T, K; Thermal Conductivity. k, W cm- 1 K-1) 

SOUD 

T k 

123.2 0.182* 
150 0.165 * 
173.2 . 0; 156 * 
200 O. 148;~ 
223,2 0.144 * 
250 0.141 ':' 
273.2 O. 140'~ 
298.2 O. 139 ~< 
300 0.139':' 

~, Estimated. 
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TEMPERATURE, 1< 
2 :-l 4 5 6 8 103 

The \':llucs 1(1], Ihl' liquid nnc1 v~.por statesrlre based on a correlation fordiatornic sub
H:ltlc(':::. :\0 experimental data were located. They should be accurnte to 10% below 
1 ~:.) K and ul1ccrL:lin at higher temperatures. The gas values, based on subatmospheric 
pressure studies, nre more probably accurate to within a 10% uncertainty for most, 
if 110t nll. of the entire temperature r:=tngE tnbulnted. 

- RECOMMENDED VALUES 
--- -- -- [Temperature, T, K; Thermal Conductivity, k, W cm- j K'-t] 

--- r- -
--r-- SATURATED LIQUID 

GAS 
(At. 1 atm) 

T II: x 103 T k x 103 T k x 103 

2. 04'~ 85 O. 07G ':' 
GO 1. 95 ~~ 90 0.081 

-

-

70 1. 80 ':' 
100 0.090 

80 1. 65 ':' 
450 0.41:l 

90 L 50'~ no o. 100 460 0.42] 
120 0.109 470 0.4:30 

- 100 L 35 ,;, 1:30 0.118 480 0.4:38 
110 1. 21 ,;, 140 O. 128 490 0_ 44(i 

120 L 06 ':' 
150 0.137 

1.30 0.90 ':' 
500 0.455 

140 1).66 ,;, 1GO O. 14G 510 0.4G:l 
170 O. 15G 520 0.471 

144 O. 40 ~, t 180 O. 1G5 530 0.479 
190 0.174 540 0.48() 

- 200 O. 184 550 0.493 

- SATURATED VAPOR 
2]0 O. 19:3 560 O. 500 
220 0.202 570 O. 507 

- T k X 103 2.30 0.212 580 O. 514 
240 0.221 580 O. 520 

t 
~ 

3 4 5 

50 'J. 044'~ 
250 0.231 

GO 'J.053':' 
600 0.527 

70 ).062':' 
261) 0.241 610 O. 5:~4 

80 ).071 ,;, 270 0.251 620 O. 541 
280 0.2GO 630 O. 547 

90 J. 081 ':' 
290 0.269 610 O. 552 

100 J.092':' 
J. 105 ':' 300 0.279 G50 O. 557 

110 
120 J. 125 ':' 310 0.288 GGO O. 563 

130 J. 1t)~' 320 0.298 670 O. 568 

140 O. 22~' ~~30 0.307 680 O. 57~3 
340 O. :31(1 690 O. 579 

144 O.40':'t 
350 0.32G 700 0.58:3 
3GO 0.335 710 O. 588 
~!70 O. :344 720 O. 592 
380 O. :354 no 0.5% 
390 0.363 740 0.599 

400 O. :371 750 0.603 
410 0.378 760 O. 607 
420 0.388 770 O. G10 
4:30 0.397 780 O. G1:3 
440 0.405 790 O. GIG 

800 O.G18 

----------------------
':' Estimated or extrapolat.ed, hence provisional. 
t Pseudo-critical va:ne. 
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TEMPERATURE, K 

RElVIABKS 

The provisional v::tlues are for well-ann~alecl high-purity gadolinium 
are thought to be aCCll rate to within ± 1 0% fit temperatures above 100 
At; temperatures ]leiO\\' IOO [( the yalues for k". k.L' and kpols are applic
able only to samples ha\'ing; :'csidual electrical resistivity Po = 2.62, 4.43, 
and ;L71 /-kG em. Thes(' ,-alles are H:ry uncertain. 

4 5 

PROVISIONAL VALUES 

[Temperature, T, 1(; Thermal Conductivity k, W em -f lei l 

SOLID 

II to J_ to Poly-
c-axis c-cxis crystallIne 

T k k k 

0 (} 

0.0113 
2 O.02:n 
;j 0.0:357 .... 
4 0.0594 0.0442 0.0488 ::x: 

m 
5 0.0754 0.0563 0.0621 ;:Q 

G 0.0902 0.0686 0.0752 3: » 7 O. 104 O. 080;~ 0.0875 r-
8 O.l1G 0.0918 0.0994 n 
!) 0.127 O. 103 0.110 0 

10 0.1:37 0.113 0.121 Z 
11 0.145 0.1.2::l 0.130 0 

C 
12 O. 152 O. 130 0.137 n 
13 0.158 0.136 0.143 -t 

14 0.lG4 0.142 0.149 =< 
15 0.168 0.147 0.154 

:.'i 
-< 

16 O. 170 0.152 0.158 
0 18 0.174 0.161 0.165 ." 

20 0.175 O. 1GB 0.170 ..... 
25 0.171 O.l7H O.17r-; :t: 

K m 
:30 O. IBG 0.182 0.177 
85 0.162 O.lBO 0.174 m ..-
40 O. 158 O. 178 ,0.171 m 

45 0.155 0.175 0.168 ~ 
m 

50 O. 152 0.172 0.165 Z 
GO O. 147 0.167 0.160 

..... 
I." 

70 O. It!3 O. 162 0.155 
80 O. 13!) 0.1.57 0.151 
DO 0.136 0.153 O. 147 

100 0.133 0.1.49 O.14a 

123.2 0.127 0.141 0.136 
150 O. 121 0.13:3 0.129 
173.2 0.117 0.127 0.12:3 
200 0.112 0.119 0.117 
22:3.2 O. 108 0.113 0.111 

250 0.105 0.107 O. lOG 
27.'3.2 O. 104 0.103 0.10:.3 
298.2 O. 108 0.103 1).105 
300 O. 108 0.104 O. 105 
310 0.110 O. lOG 1).107 

(.) 
(..) ..... 
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:1Ei\TA](I\:S 
TEMPERATURE, K 

gnllium and are eOTisiclerecl accurate to within 
" 1 () [( chIC to additional uncertainty in the 10-

entinI', (If rhe nmxinu, .J IltVr, from 10 K to 100 K, and :l:!}'J" from .100 K to the melting point. 
For liquid gallium the ullcertahty of the values is probably :l10'7. near the 11lelting point 

2 

and increase 1:0 :i:20% nt the highest temperatures. The thermal conductivity at temperatures 
ncar :ll1d below I:he (orresponding temperature, 'I'm, of the conductivity maximum is highly 
s0nsiti.ve to small physical and chemical variations among different specimens, and the 
recommended val.ues below GO :< for ka , kb, and kc are applicable only to specimens having 
resIdual electrical resistivitieE of 0.000100, 0.00003'12, and 0.000425 iJD em, respectively. 
Values at temperatm:es below r.bout 1. !) T 111 are calculated to fit experimental data by using 
equation (7) and usIrg' the conslnnts 111, 11, [Inc! a" gIven in Table 1 for gallitm and (3 == 0.00409, 
0.00140, and 0.0174 for ka , "-b, and kG' respectively. The val.ues for kJ'l are also good for 
polycl'ystlllline 

-

-
-

-

3 4 5 

RECOMMENDED VALUES t 

[Temperature, T, K; Thermal Conductivity, W cm-1 K-1] 

SOLID 

to /I to /I to 
a-axis :!: b--axis c-rods 

T k k k 

0 0 0 0 
22f-i 657 54.1 
298 832 76.0 

,) 194 524 58.2 
4 99.3 272 31.1 

5 1)9.2 163 18.2 
6 38.8 107 11.8 
7 27.2 74.0 8.15 
8 ~9.9 54.2 5.93 
9 15.2 41. 4 4.47 

10 ::t.9 32.5 3.49 
15 4.48 13.2 1. 44 
20 2.65 17.3 0.835 
25 1. 71 4.54 0.588 
:30 1. 23 :3.22 0.462 

35 0.952 2.46 0.385 
40 0.795 1. 98 0.333 
50 0.634 1. 42 0.269 
GO 0.555 1.15 0.233 
70 0.516 1. 02 0.210 

80 0.494 0.983 0.196 
90 0.483 0.960 0.187 

100 0.474 0.951 0.181 
]23.2 0.457 0.933 0.172 
]50 0.443 0.918 0.167 

]7:3,2 0.4:33 0.906 0.165 
200 0.424 0.896 0.163 
22~L 2 0.418 0.890 O. 162 
~50 0.414 0.885 0.160 
27~;. 2 0.410 0.884 0.160 

298.2 0.408 0.883 0.159 
::00 0.406 0.883 0.159 
~02. 9~~ 0.406 0.883 0.159 

x Extrapola:;ed. 
t Values above 500 K are provisional. 
': The Y:JJ.ue" for kn arc :,1.1",) ,,'n',") 

LIQUID 

T k 

302.93 0.281 
322.2 0.2!H 
37::.2 0.328 
40C O.34G 
47:j.2 0.389 

501! 0.406 
57:!. 2 0.447 
60t) 0.462 
673.2 O. 503~' 
70(i 0.519>:' 
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I ! ~ --......1 I--+--+-+--

g __ , /L- 1 0 
1/~ ~ - ----

_--Ir~~ ~IIIII III~ 
e--/ L 1\ 
~/-L- 1 \:-1 11-++-11 1 H-' 

f/ _ 1 1~11 I II I -~i-- -:~~_ - \}fU-fI -Wd 
V _~I~.!--I- f-t-I- __ . ____ ~~ -~ ~LllJl 
f--

I 

,·-H--if-f--'- - rn ~ ____ :- t----

c

- -J1[I --!->--f-- M. p. 12~6. 6'1\ .1 1l 
l-L.L I I I 1111,ldl,_ -

4 ;: 6 10 2 3 4 5 6 8 102 

TEMPERATURE, I{ 

2 3 4 5 6 .8 LOll 2 3 4 5 

HL\TJ\nJ(:3 

The values nrc In]' \\'cll-nnIlGlleci r;cnnnnimll. The l'Pr'/)mmpnr/"rI 

nllucs(those nbrwc 2~11.I 1";1 are nC(,'lIl'n;e to within ± 
\·nJucs. The thei'm;')l ('oncllleth-j( \. :ll tCl11nETC1!Ul'C" non1' and ")clow the corre8-

pmn""",;,,,'''' of the cOllch;cti\-ilT r;1;1ximum i>:= highly Eensitive to small 
and the conduc-

cal curve 
thermal 

RECOMMENDED VALUES " 

[Temperature, T, K; Thermal Conductivity, k, W em -t K-·j
) 

SOLID 

T k T k 

0 12:3.2 1. 68 
1 0.274 150 1. 32 
2 2.06 17;3. 2 1. 13 
:3 5. :35 200 0.968 
4 8.77 223.2 0.859 

5 11. G 250 0.749 
6 13.9 273.2 0.667 
7 15.5 298.2 0.602 
8 16.6 300 0.599 

17. :3 323.2 0.548 

IO 17.7 350 O. ·195 

11 17.9 373.2 0.465 
12 18.0 400 0.432 
13 17.9 473.2 0.359 
14 17.7 500 0.338 

15 17. :3 573.2 0.288 
If) 16.9 GOO O. 27:3 
18 15.9 .G73.2 0.2:37 
20 14.9 700 0.227 
2!~ 12.7 7'73.2 0.204 

30 10.8 800 O. 198 
35 9.20 873.2 0.135 
40 7.98 £}OO 0.182 
45 6.95 973.2 0.176 
50 6.15 1000 0.174 

60 4.87 1073.2 0.171 
70 3.93 1100 0.170 
80 3.25 117:3.2 0.172 
90 2.70 1200 0.174 

100 2. :32 

1- Values below 290 K are merely typical vahes. 
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TEMPERATUBE, K 

4 5G 8103 3 4 

HEi\IAH[,S 

The recommended Y:1II.lCS ;1.\.·C 

sidcrccl nccurate to w.itilin 
l:S% belo\v 80 K Hndat 1200 K. 

are estimated and are 
frorn mdting point to 

llECOlVllVIENDED VALUES i' 

[Tcmpenlturc, T, K; Thermal Conductivity, k, W c:n-1 1(-tJ 

T 

;1 

10 
11 
12 
1:1 
14. 

15 
Hi 
18 
~10 

2~) 

:30 
:35 
40 
45 
50 

tiO 
70 
SO 
90 

lOO 

SOl.ID 

k T 

12:3.2 
5.4fl 150 

10. :) 173.2 
1G. J 200 
20. D 22:).2 

25.2 250 
28.5 27:3.2 
:30.9 298.2 
:32. :J 300 
.32 .. 7 .32:J.2 

:>,2. ,} :150 
31. 5 373.2 
;·lO.O 400 
28. ,J 47:.L :? 
26.6 !'iOO 

24. () 57:3. 2 
2.2.7 GOO 
J8. !) Gn.2 
1:).8 700 
10. :3 77~1. 2 

7.55 SOO 
G.OO 873.2 
5.15 !:lOO 
4.50 97:3. 2 
"1. 21 1000 

3.74 107:3. 2 
~l. 48 l100 
:L :32 117:L 2 
:3.28 1200 
:3. 27 12'7:}' 2 

l:WO 
la37.58 

l,~ 

3 .. 2(; 
~J. 25 
3. 2/~ 
:3 .. 2~3 
;1,22 

:3.21. 
3. 19 
:J.18 
~L 17 
3.1G 

:).H 
:3.13 
3.11 
:).OG 
:.L 04 

2.D!) 
2. ~l8 
2.9:J 
2. HI 
2.8G 

2.84 
2.79 
2.77 
2.72 
2.70 

2.64 
2. G2 
2.57 
2.55 
~!. .. 4!)':~ 

2.47':' 
2 .. 4:4:>:< 

LIQUID 

T k T 

1:1:37.58 '1..04':' 3300 
1:37:3. Q, 1. OG'< :J'in 
1400 1.0C)':' :3800 

147:3.2 1. OW:' :)87:3 
1500 1. 08';' 1·1-000 

157:.1. 2 1. 10':' 407:3 
1G73.2 1. 14':' 4273 
1700 1. 1:3':' 4500 

17n.2 1. 1.5';' 477:3 
1.800 1. 16':' 5000 

187:3.2 1. 1.7':' (;27:3 

1HOO 1. 17';' ::'500 
197;.1. 2 1. J 8';' f:77:3 
2000 1.H),;' tOOO 

207:3.2 L 20';' (;27:3 

21'7~1. 2 1.21';' (;500 

2200 1 .. 22~:r: (,77:3 

227:3. 2 1. 22~' ~OOO 

24:00 1. 23';' r:'27:J 
2473.2 1. 24':' "500 

ZGOO 1. 777:3 
267:1.2 1. soon 
2800 1. 25';' 827:.3 
28n.2 1. 25':' 8500 

3000 1. 25';' 87'73 

307:3 1. 24~' ~)OOO 

3200 1. 24~' n27~~ 

:327:1 1. 23';< 
:3400 1. 2;J~< 
:347:.1 1. 22~' 

Extrapolated or estimatnl. 
Values for molten gold are merely provisional va.lues. 

U!l 
,J:>. 
0 

k 

1. 21':' 
1. 2J':' 
1. lD':' 
1. 18~' 
1. 1 7~' 

1. 17~' 
1. 14':' 
1. ll'~ 
1. 0(;':' 
1. 02':' 

0 .. 974';: :J: (). ~1!3~3 ~~ 0 
O. S84~' 
0.839':' ." 
O. 781. ,~, 0 
O. 731~' ~ 

m 
O.7()1':' ,..... 
O. G20'~ .: 
O. !)57"~ » 
O. :)04':' Z 
O. 4~3D';' 0 

o. :l84~' !:: 
O. ;.qG~' -O. 25~)~' 

m 
-< 

O. 18H~' 

O. l:n'~ 
O. f)(;OP~ 
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TEMPERATURE, K 

HEMAHKS 

The recommended \alues above 150 K are for well-annealed high-purity poly
crystalline hafnium and are cor,sidered accurate to within ± 10% of the true 
values at temperatures below 9)0 K and ± 20% above 900 K. Values below 
150 K are applicable only to a mmple having residual electrical resistivity 
Po"- 4. 23 ~ cm and electrical resistivity ratio p(295 K)/po == 8.58. 

):<: 

RECOMMENDED VALUES 

[Temperature, 1', K; Thermal Conductivity, Ie, W cm -1 1(-11 

SOLID 

Polycrystalline 

T k T Ie 

0 0 350 0.226 
1 0.00764>:' :na.2 0.224 
2 0.0163':' 400 0.223 
3 0.0255 473.2 0.219 
4 0.0349 500 0.217 .... 
5 0.0445 573.2 0.214 ::r:: 

0.0544 600 0.213 
m 
::10 

0.0645 673.2 0.211 ~ 
0.0746 700 0.210 » 

H 0.0848 773.2 0.209 r-

IO 0.0952 800 0.208 
( 

C 11 0.106 873.2 0.207 Z 
12 0.116 900 0.207 C 
13 0.126 97:{.2 0.207 c: 
14 0.135 1000 0.207 n 

-4 
15 0.144 10n.2 0.207 <: 
16 0.152 1100 0.207 =i 
18 0.167 1173.2 0.208 -< 
20 0.180 1200 0.208 

0 25 0.205 1273.2 0.209 "TI 

30 0.222 1300 0.209 .... 
35 0.233, 1373.2 0.211 ::r:: 
40 0.241 1400 0.211 m 

45 0.247 1473.2 0.212 m .... 
50 0.251 1500 0.213 m 

60 0.256 1573.2 0.215 ~ 
m 

70 0.259 HiOO 0.215 Z' 
80 0.260 1673.2 0.217 .... 
90 0.260 1700 0.218 

U't 

100 O. 260~~ 1773.2 0.220 

123.2 0.256':' 1800 0.220 
150 0.251* 1873.2 0.222 
173.2 0.248':' 1900 0.223 
200 O. 244"~ 1973.2 0.225>:' 
223.2 O. 240'~ 2000 0.226':' 

250 0.236>:' 
273.2 0.233* 
298.2 0.230 
300 0.230 
323.2 0.228 

Extraroiated or interpolated. 
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THERMAL CONDUCTNITY OF HELIUM 
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TEMPERATURE, K 

I1EMARKS 

Value::; of the thermal conductivity of the solid presented here are offered as order of 
magnitude value::. Detailed specification of the s::.mple size, orientation. density, etc. 
will be needed for a more accurate recommendation. The liquid values should be 
accurate to within 2%. Due to the lack of any experimental values for the g'as from 4 to 
14 K and [rom 21 to 7:3 K, the recommended values below 10(1 K may be uncertain to 5'70. 
I"'rom 100 to 700 K the accuracy should be 2%, from 700 to 1500 K 5'70. and above 1500 K 10%. 

RECOMMENDED·VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-'1 K-1
] 

SOLID 

T k(3He) k(4He) 

0.6 0.250 
0.7 O. 104 
0.8 0.055 
0.9 0.033 O. 650 

1.0 0.020 0.245 
1.1 0.0144 0.097 
1.2 0.0108 0.045 
1.3 0.0089 0.027 
1.4 0.0073 O.OlG 

1.5 0.0057 0.0105 
1.G 0.0046 0.00G9 
1.7 0.OOa8 0.0049 
1.8 0.0030 0.0034 
1.9 0.0025 0.0025 

2.0 0.0021 0.0018 

SATURATED U~UID -- He-I 

T k x 103 

2.5 0.191 
3.0 0.203 
3.5 0.232 
4.0 0.281 
4.5 0.348 

5.0 0.434 

c.l 
.&::> 
N 

:I 
0 

"fi 
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RECOMMENDEO VALUES 

GAS 
(At 1 atm above 4. 2 K) 

T k x 103 T k x 103 T Ie X 103 T k I 103 

0.08 O. 00044~' 50 0.4623 * 450 2.038 850 3.20 
0.09 0.00053 ':. 60 0.521 * 460 2.071 860 3.2:~ 

0.10 0.00064') 70 O. 578 ,~ 470 2. 104 870 3.25 
O. 15 0.00130'!· 80 0.631 480 2.136 880 3.28 
0.20 0.00231':' 90 0.679 490 2. 169 890 3.30 

0.25 0.00::J9"f 100 0.730 500 2.202 900 3.32 
0.30 0.0062 >:< 110 0.776 510 2.234 910 3.35 
0.35 0.0089 >:' 120 0.819 520 2.266 920 3.:~7 -t 

0.40 0.0120 >:' 130 0.863 530 2.297 930 3.40 :x: 
tit 

0.45 0.0154 >:< 140 0.907 540 2.329 940 3.43 '" 
0.5 0.0187 >:< 150 0.950 550 2.361 950 3.45 

3: » 
0.6 D.0231'~ 160 0.992 560 2.392 960 3.47 r-

0.7 0.0252,of 170 1. 033 570 2.423 970 3.50 n 
0.8 0.0262 * 180 1. 072 580 2.453 980 3.52 0 
0.9 O. 0266~' 190 1. 112 590 2.484 990 3.54 Z 

C 
1.0 0.0269 ':' 200 1. 151 600 2.515 1000 3.57 C 
1. 25 0.0281* 210 1. 190 610 2. 55 1050 3.69 n 
1.5 O. 0306'~ 220 1. 228 620 2.58 1100 3.80 -t 

2.0 O. O~93 230 1. 266 630 2.60 1150 3.91 <: 
2. 5 0.0502 240 1. 304 640 2.63 1200 4.03 ::::; 

-< 
3.0 0.Or.07 250 1. 338 650 2.66 1250 4.14 0 
3. 5 0.0710 260 1. 374 660 2.69 1300 4.25 ." 

4.0 0.0803 270 1. 411 670 2.72 1350 4.36 -t 
4.5 0.0879 * 280 1. 447 680 2.75 1400 4.47 :J: 
5.0 0.0962';< 290 1. 484 690 2.78 1450 4.57 m 

6 0.1113 * 300 1. 520 700 2.81 1500 4.68 
m 
r-

7 0.1247 * 310 1. 555 710 2.83 1550 4.78 m 

8 0.1393 * 320 1. 591 720 2. 86 1600 4.88 3: 
m 

9 0.1523 * 330 1. 626 730 2.89 16~0 4.98 Z 
10 0.1640 * 340 1. 662 740 2.91 1700 5.08 -t 

!-
CIt 

~ 12 O. 1866'~ 350 1. 697 750 2.94 1750 5.18 

':i 14 0.2067 3GO 1. 732 760 2. 97 1800 5.28 

(') 
16 0.2259 370 1. 766 770 3.00 1850 5.38 

:::r- 18 0.2435 ::J80 1.801 780 3.02 1900 5.47 
ID 

? 20 0.2582 390 1. 835 790 3.05 1950 5.57 

'" 25 0.2962* 400 1. 870 800 3.08 2000 5.66 
~ 30 0.3330 * 410 1. 904 810 3.10 2100 5.85 
0 35 O. 3669>~ 420 1. 937 820 3.13 2200 6.03 Q 

~ 40 0.4000 'I' 430 1. 971 830 3.15 2300 6.22 

< 45 O. 4314'~ 440 2.004 840 3.18 2400 6.40 
~ 
:" 

2500 6.57 

Z 
!'l 
.!'l >:' Estimated or extrapolated. 
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TEMPERATURE, K 

HEMAln"S 

If)() K for kif ' 
electrical rei 
val\.ICS m~e vcr:v unecrtain. 

holmium ,mci nre tlwur'.:hl 
1:;0 I·~. Values below . 

mens havillg residual 
l'p."npl'j·;l.'ph! These 

T 

10 
lJ 
12 
t:l 
14 

15 
16 
18 
20 
25 

:10 
.);J 

40 
45 
50 

PROVISIONAL VALUES 

[Tcl1lpm'aturc, T, '(; Thermal Conductivity, k, W cm"! I(--1] 

SOLID 

I! l/l .l to Poly- /I to .L to Poly-
c-axi.:-; e--axis crystalline c-axis l~-axjs crystalline 

k Ie k T k k k 

0 GO 0.182 0.140 O. HiO 
0.0140 70 0.17G 0.144 O.15(i 
0.0232 80 0.170 O. l;~D O.14D 

0.0428 DO 0.16:3 0.1:3:3 0.142 
0.0580 100 0.158 0.127 O.J:l(i 

O.080:J 0.0701 (l.on:; l.2:1. ~~ n.15!> 0.1Hi O. 1 :~~) 
O. OD(i:~ 0,084(i 0.088:1 1:)2 O. ](i(i 0.11:1 O. U8 
O.lO!) O.ODG7 0.101 J:)3 O.1m) 0.115 0.1:)1 
O. 118 0.105 f).IO!) 150 O.17H O. U(\ n. 1;\~) 
0.1:24 0.112 O. Ur; . 17::. :2 O.lDO 0.120 0.140 

O.l:W 0.117 0.121 200 0.200 0.126 0.147 
0.1:.:5 0.121 0.125 223 .. 2 0.207 O.1:.l0 0.152 
0.1:39 0.J25 O. 12~' ~~50 0.212 0.1:14 O.15() 

0.142 O. 1:~3 0.1:32 27:.:,.2 0.215 O. 1:~(; 0.159 
0.14G 0.1:31 O.1:)(j 2D8.2 O. 2:~2 0.1:)8 O •. /(i2 

0.14!) O. 1~34 0.1:38 :300 0.222 0.1:18 O. Hi2 
0.1;)2 O.l:JG 0.141 ~l2:3. 2 O.1G5';' 
0.157 0.140 0.146 :.\50 0.1(;7';' 

0.160 O. lAO 0.141 ::17;~o 2 0.170';' 
O. un O.I;}9 0.146 400 O. 17:3';' 

O.1(i8 0.142 0.150 47:j, 2 n. ISO';' 

0.17:1 0.146 0.154 500 n.1.8:;':' 

0.177 O. lAD 0.1.58 
O. ISO 0.150 0.1(;0 
0.182 0.152 O.lGl 

01: csl:.im8ted. 
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THERMAL CONDUCTIVITY CF HYDROGEN 
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T EM PERA T~R E, K 

HEMAHKS 

1\0 o\'erlap between two different experimental studies for the solie occurs. While 
the values from 5 to 13 {('appeal' accurate to within 5%, from 10 to 17 K to within 15% 
and at <I K ~o within 2:110, confirmatory measurements arc very dminlble. The liquid 
values bel(>w 25 K are probably accurate to about 3%. ITowever, an error of 100% at 

I 

the critical point could occur. The saturated vapor values should have sirnilar uncertainties. 
The gas values should be accurate to within 2% from 1 (1) to 400 K rnd 5% for other tab
ulated tempct'atures. 

The para form tH)cerhinties for the liquid may be accurate to with:n 2%. although a 5% 
.. ---~~.-,- •.. for both li::juid and vapor forms is not ruled out. The gas values between 

I< should check to within :1% and other table entries to within 

I 
~~ 4 !j 

RECOMMENDED VALUE;S 

ITemperature, T, K; Thermal Conductivity, k, W cm-l lei] 

SOLID SATURATED LIQUID SATURAT ED VAPOR 
(norma.l-Hydrogen) (normal-Hydrogen) (non,w.l-Hyclrogen) 

T 

4 

5 

7 
8 

10 
11 
12 
13 
14 

15 
16 
17 

k T k X 103 T 

2.aO 

0.550 15 1. 022 
O. 190 Hi 1. 0::5 
0.083 17 1. OE8 
0.043 18 1.121 
0.023 19 1. 1:;3 

0.0158 20 1. 104 
0.0125 21 1. 213 
0.0100 22 1. 2::8 
0.0095 23 1. 258 
O. 0090 24 1. 2';2 

0.0090 25 1. 269 
0.0089 26 1. 251 ':' 
0.0089 27 1. 2~7 ,;, 

28 1. 1Il8 ,;, 

29 1. 1:7 ,;, 

:30 1. 06~' 
31 1. 00 ':' 
:.32 0.91 ,;, 

3:3 0.6()';'t 

,;, Estimated or extrapolated, hence provisional, 
Pseudo-critical value. 

15 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
2G 
27 
28 
29 

30 
;n 
32 
:~:3 

k X 103 

0.117 ':' 
0.126 ':' 
0.134 ':' 
0.142 ':' 
0.150 ':' 

0.159 ,;, 
0.169 ':' 
0.180 ':' 
0.192 ':' 
0.205 ':' 

0.22>:' 
0.2:3 ':' 
0.25':' 
0.27 ,;, 

0.29 ':' 

o.:n';' 
O. :35 ,;, 
O. 40~' 
0.60 >:'t 

-I 
::x: 
m 
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RECOMMENDED VALUES 

GAS 
(normal-Hydrogen, at 1 atm) 

T k X 103 T k x 103 

20 O. ]59 

25 O. 193 350 2.033 
30 0.227 ~360 2.069 
35 0.2Gl 370 2.106 
40 0.294 380 2.142 
45 O. :328 390 2.177 

50 0.3Gl 400 2.212 
60 0.426 410 2.248 
70 0.489 420 2.283 
80 O. 552 430 2.318 
90 O. 614 440 2. :~54 

100 O. 67G 450 2.389 
110 0.7:38 460 2.424 
120 O. 801 470 2.459 
I:W O. 864 480 2.494 
140 0.926 1190 2.529 . 

150 0.986 500 2.564 
HiO 1. 046 510 2.60 
170 1. 105 520 2. 64 
180 1. 164 530 2. 67 
190 1. 222 540 2. 70 

200 1. 280 550 2. 74 
210 1. :338 560 2. 77 
220 1. 395 570 2.80 
230 1. 451 580 2.84 
240 1. 506 590 2.88 

250 1. 560 600 2.91 
260 1. 613 610 2.95 
270 1. 665 620 2.98 
280 1. 717 630 3.01 
290 1. 767 640 3.05 

300 1. 815 650 3.08 
310 1. 863 660 3. 12 
:320 1. 910 670 3. 15 
330 1. 954 680 3.19 
:340 1. 994 ()90 3.22 

':' Estimated or extrapolated, hence prOVisional. 
t Pseudo-critical va.lue. 

T 

700 
710 
720 
730 
740 

750 
760 
770 
780 
790 

800 
810 
820 
830 
840 

850 
860 
870 
880 
890 

900 
910 
920 
930 
940 

950 
960 
970 
980 
990 

1000 

W 
~ 

THERMAL CONDUCTIVITY OF HYDROGEN (continued) en 

RECOMMENDED VALUES 

SATURATED LIQUID SATURATED VAPOR 
(para-Hydrogen) (para-Hydrogen) 

k x 103 T k x 103 T k x 103 

14t 0.824 

3.25 15 0.855 10 0.081':' 
3.29 16 0.885 11 0.089':' 
:3.32 17 0.910 12 0.096':' 
3.36 18 0.933 13 O. 103'~ 
3.39 19 0.954 14 0.111':' 

3.43 20 0.972 15 0.118':' 
3.46 21 0.988 16 0.128':' 
3.50 22 0.999 17 0.137':' 
3.53 23 1. 007 18 0.147':' 
3.56 24 1. 006 19 0.157':' 

0.168':' 
::r: 

3. GO 25 0.998 20 0 
3. 63 26 O. 975 21 O. 181':' ~ 

:30 67 27 0.947 22 0.194':' ." 

3.70 28 0.910 23 0.209':' 0 
3.74 29 O. 870 24 0.224':' ~ 

m 
3. 77 30 0.826 25 0.242':' I"'" 

3.80 31 0.74':' 26 0.260':' ~ 

3.84 32 O.58':'t 27 0.280':' » 
3.87 28 0.304':' Z 
3. 91 29 0.332';' C 

0.363':' 
I"'" 

3.94 30 ;:: 
3.97 31 0.45* m 

4.01 32 0.58 *t -< 
4.04 
4. 08 

4.11 
4.14 
4. 18 
4. 21 
4. 25 

4.28 
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RECOMMENDED VALUES 

GAS 
(para-Hydrogen, at 1 atm) 

T k x 103 T k x 103 

20 0.168 

25 0.198 300 1. 880 >;, 

30 0.229 310 1. 920';' 
35 0.261 320 1. 958'~ 
40 0.294 330 1. 994'~ 
1ri O. ~28 340 2.028;" 

50 O. :=63 350 2.061 * 
60 0.434 360 2. 093 ~f 
70 0.513 370 2.126 ,;, 
80 O. (;01 380 2.159>:' 
90 O. E96 390 2.191';' 

100 o. 'i97 400 2.223 * 
110 0.E99 410 2.258* 
120 1. 000 420 2.292';' 
130 1. 093 >:< 430 2.326 >;, 

140 1. ]77 ':' 440 2.361 * 

150 1. 251 ,~ 450 2.395>:( 
160 1. 316'~ 560 2.429>:' 
170 1. 372'~ 470 2.4H2>!< 
180 1. 426';' 480 2.497>:' 
190 1. 470 * 490 2.532 ,!< 

200 1. 512 :{, 500 2.565 ,;, 
210 1. 551 i.' 510 2.60* 
220 1. ::88 y., 520 2.64* 
230 1. E24 * 5:30 2.67* 
240 1. 660 '" 540 2.70* 

250 1. 696'~ 550 2.74* 
260 1. 732 * 560 2. 77~f 
270 1. 768 * 570 2.80>!' 
280 1. 806 ~~ 580 2.84':< 
290 1. 843 '" 590 2.88* 

600 2.91* 
610 2.95* 
620 2.98"'< 
630 3.01* 
()40 3,05* 

* Estimated or extrapolated, hence provisional. 

THERMA t CONbtJcTrVrTY OJ: HYDROGEN 

T k x 103 

650 3.08* 
660 3.12 * 
670 3.15';' 
680 3. 19'~ 
690 ::L22 * 

700 3.25* 
710 3.29* 
720 3.32* 
730 3.36 ,;, 
740 3.39* 

750 3.43':-: 
760 3.46* 
770 3.50* 
780 3. 52'~ 
790 3.56';' 

800 3.60* 
810 3.63"'< 
820 3.67':< 
830 3.70 * 
8'!0 3.74'): 

850 3.77* 
8BO 3.80':< 
870 3.84>:' 
880 3.87'1: 
890 3.91 ,;, 

9:}O 3.94* 
910 3. 97;~ 
9W 4.01 * 
930 4.04* 
9iO 4.08* 

950 4. 11'~ 
930 4.14>:< 
970 4. 18'~ 
9~0 4.21 * 
gaO 4. 25'~ 

10)0 4.28"'" 
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THERiVJAL CONDUCTIVITY OF DEUTEHIUM (H,vdro!;en Isotope) 
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TEMPERATlJRE, K 

TIEJ\TAHKS 

The liquid state apP:Hently exhibits a mflximnm in conductivity at about 28 K. \;\,'hile 
some earlier tabulations neglected th:s, the prCRcnt values are thought accurate to within 
5% below :10 K and 10'70 Jrom 30 to ;H) K, 1Nith an unknown uncertainty at higher temper
atures. The vnpor values are provisional. The gas values are based on a set oJ meas
urements from H) to 25 K, from 65 to 8H K and measurements at the ice point. Between 
21l and 280 K they may be accurate to within 5/0. 

RECOMMENDED VALUES 

[Tempctatul'e, T, K; Thermal Conductivity, k, W em'-1 K"'1] 

SATURA.T ED LI(~UID SATURATED VAPOR 

T k x 103 T k X 103 

19 1. 24':' 

20 1. 2G 20 0.084':' 
21 1. 28 21 O. OgG ':' 
22 1. 30 22 O. 109':' 
2~} 1. 3:~ 23 O. 123 ':' 
24 1. :34 24 O.la8':' 

25 1. 36 ':' 25 O. 155':' 
26 1. :37 ':' 26 0.1'74':' 
27 1. :38 ':' 27 O. 19:;~' 
28 1. 38 ':' 28 O. 215~' 
29 1. :38 ':' 29 0.238':' 

30 1. 37':' ao 0.2G':' 
31 1. 35':' :31 0.29':' 
32 1.32':' 32 O. :32':' 
3a 1. 29 ':' :3:3 0.3G';' 
34 1. 25 ':' :3tl 0.4,0 ,;, 

35 1. 21';' :35 0.45 ':' 
36 1. 15';' 36 0.51 ':' 
:37 1. 07 ':' ~~ 7 0.58 ':' 
38 O.83,;'t 38 0.83 *.,. 

~, Estimated or extrapolated, hmlce provisional. 
t Pseucto-critical "a11.1.0. 
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RECO:-'DIEi\DED VALUES 

GAS 
(At 1 atm) 

T k x 103 T k x 103 

24 0.135 

25 0.139 200 1. 014 >'~ 
30 0.175 210 1.056>!' 
35 0.206 220 1. 097~' 
40 0.236 230 1. 138 ':' 
45 0.268 240 1.178~' 

50 0.299 250 1.217'~ 
60 0.360 260 1. 256 ':' 
70 0.421 270 1. 294':' 
80 0.475 280 1. 331 ':' 
90 0.527 290 1. 369':' 

100 0.577>:' 300 1. 406':' 
110 0.625':' 310 1. 44* 
120 0.672':' 320 1. 48* 
130 0.718':' 330 1. 51~' 
140 0.762':' 340 1. 55* 

150 0.806':' 350 1. 59* 
160 0.848 ':' 360 1. 62>:' 
170 0.890 ':' 370 1. 66* 
180 0.931 ':' 380 1. 69':' 
190 0.97:3':' 390 1. 73>:' 

400 1. 76'~ 

* Estimated or extrapolated, hence r:rovisional. 

'i< :~ 

" Estimate(~ or extrapolated, hence provisional. 
t Pseudo--c::it.ical value, 
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THERMAL CONDUCTIVITY OF TRITIUM (Hydrogen Isotope) 
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TEMPERATURE, K 

REMARKS 

The liquid values presented here are based on fl correlation which, while apparently 
reasonable, lac ks experimental substantiation. No error estimate is offered. 
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PROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-t let] 

SATURATED LIQUID 

T 

21 
22 
24 
26 
28 

30 
32 
34 
36 
38 

40 
42 
44 

':' Estimated or extrapolated. 
t Pseudo-critical value. 

k x 103 

1. 25 ':' 
1. 28 t" 

1. 32 ':' 
1. 36 ~, 
1. 37 t" 

1. 34 ':' 
1. 30 ':' 
1. 25 ':' 
1. 18~' 
1. 10~' 

1. 00 ':' 
0.89':' 
0.68':'t 

(.0) 
U1 
Q 

% 
o 
." 
o 
~ 
m -r-
» z 
c 
!:: -m 
-< 



~ 
." 
::r 
~ 
n 
::r 
II) 

? 
lIa 

~ 
o a 
!l 
< 
~ 

z 
~ 

~ 

-0 
~ 

THERi\'fAt. CONDUCTIVITY OF INDruM 
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TEMPERATURE, K 

TlEMAHKS 

The recommended values are for well-annealed high-purity polycrystalline 
iridium and are considered accura;e to within ±150/0 of the true values at tem
peratures below 100 K and ±50/0 above. For Lquid indium the values are prob
ably good to ±150/0. The thermal conductivity at temperatures near and below 
the corresponding temperature, Tm. of the conductivity maximum is highly 
sensitive to small physical and chemical variations among different specimens, 
and the recommended 'falues belo,"" 60 K are l'.pplicable only to a specimen 
having residual electrical resistivity Po = 0.000587 J,J!2 cm. Values at tem
peratures below about 1. 5 T m are calculated to fit experimental data by using 
equation (7) and using the constants m. n. and a" given in Table 1 for indium 
and f3 = 0.0240. 

-

I 

~ 

-

2 3 4 5 

RECOMMENDED VALUES t 

{Temperature, T, K; Ther~al Conductivity, k, W cm-t K-l] 

SOLID 

Polycrystalline Polycrystalline 

T k T k 

0 60 1. 02~,c 
1 40.2* 70 1. 00* 
2 64.9 80 0.992* 
3 64.0 90 0.983 
4 49.6 100 0.976 

~ 
32.4 123.2 0.958 :E: 
20.7 150 0.939 I'n 

::0 
14.1 173.2 0.920 3: 
10.1 200 0.897 ~ 

7.47 223.2 0.878 r-

IO 5.88 250 0.856 n 
11 4.86 273.2 0.837 0 
12 4.12 298.2 0.818 Z 
13 3.59 300 0.816 C 

c: 
14 3.18 323.2 . 0.798 n 
15 2.86 350 0.778 

-4 

1€ 2.61 373.2 0.762 <: 
18 2.22 400 0.745 =i 
20 1. 04 429.784 0.729* ~ 
2~ 1. 51 0 

." 
30 1. 28 LIQUID ~ 
35 1. 15~' :E: 
40 1. 09~~ 

T k 
m 

45 1. 06* m 
50 1. 04~' 429.784 0.382 r-

m 
473.2 0.387 ;-
500 0.394 ;; 
573.2 0.417 2 
600 0.425 ~ 
673.2 0.446 
700 O~ 453 
773.2 0.472 
800 0.479 
873.2 0.492 

900 0.494 

>:< 
Extrapol;:.ted or interpolated. 

t Values for the liquid state are provisional. 
(0) 
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REMARKS 

Few experimental values exist for 
able enable an estimate to be macl( 
accurate to within 10% from :WO to 
are considered provisional. 

THE HM A L CON DU CTIVTTY OF IODINE 

RECOMMENDED VALUES 
- fTenperature, T, Kj Thermal Conductivity, k, W cm-t K-II 

, .. &o.;j. 
~, .... cl SOLID SATURATED LIQUID SA TURA T ED V A POll 

1 , , , 
I , 
I 
I 
L. 
',tI'~<" 

" \~~ \ ~. 
\ V' , 

I 
I ,-1-' 

I 
I 

to., I 
~ I 
~ , 

I 
.... I 
Ill' ' , /a., 

I?/~ 
I 

, 
N.H. P. 457.5 [(-.. 

, "J I'''' P',:38j' 8 r1 . ~f.T',7y K 

2 3 4 5 6 8 102 :3 4 5 6 8 103 

TEMPERATURE, K 

for this element. The few that are avail
the recom:nended values for the solid are 

K and for the gas to within 25%. All other values 

T 

250 
273.2 

- 275 
300 
325 -
:150 
:175 
386.8:1= 

-

-

3 4.5 

lex 103 T k x 103 T 

5.12* 386.8:1= 1. IG ':' 350 

4.81':' 400 1. 14'~ 375 

4. 79~' 425 1. 11 ':' 400 

4.49 450 1. 07':' 425 

4.24 475 1. 0:3 ':' 450 

4.01 ,;, 500 0.99':' 475 

a. 83~' 525 O. !J5':' 500 
3.75 ,;, 550 0.90t" 525 

575 0.86':' 550 
GOO 0.82':' 575 

625 0.77* 600 
650 0.71 ':' 625 
675 0.65 tf 650 
700 0.58':' 675 
725 O. 51~' 700 

750 0.43':' 725 
775 0.32':' 750 
785 O. 2G * t 775 

785 

GAS 
(At 1 atm) 

T k ~ 103 T k X 103 

457.5 0.051 

4 7 5 0.052 600 0.065 

500 0.055 625 0.068 

525 0.058 650 0.071 

550 0.060 G75 0.07;{ 

575 0.063 700 0.076 

725 O. 079~' 
750 0.082':' 
775 0.084':' 
800 0.087':' 

':' Estimated or extrapolated, hence provisional. 
t Pseudo-critical value. 
:1= Ncrmal melting point. 

k x 103 

0.038':' 
0.041':' 
0.044':' 
O. 047~' 
0.050* 

0.053 ':' 
O. 056~' 
0.060';' 
0.064':' 
0.069':' 

0.074':' 
0.079':' 
0.O85~' 
0.09a':' 
0.104':' 

0.119':' 
O. 143 * 
0.186 t" 
0.26 *t 

Co3 
(J1 
N 

:z: 
0 
~ 

." 
0 
~ 
m 
r-
r-
~ 

» 
Z 
c 
~ 
r-
m 
-< 



'
"tI 
:r-
~ 
n 
:r
eb 

~ 
;IU 

~ 
C 
Q 

.0 
< 
~ 

z 
~ 

~ 

-0 ..... ..., 

TIlEH;\IAL CO:t\DliCTIVITY OF IHIDWl\I 

10 2 
I- -

8 -
6 
5 
4 

a 

I 
2 

~ I- -I 
I 

I 
c::; 10 

~ 8 
l- I -
t- -

~~ 6 
Eo-< 5 

~ 4 1----. 

E-< 
U 3 ~ t---

,/ 
::::> ~ 
0 2 Z 
0 
U 
-4 

~,/ 
~ -

'1~ 
I ------- -

- ....... 
::s 1 
..". 8 
~ 
:c: 6 
E--< 5 

-

4 

3 

2 

t- ~'I ~i 27~0 f 1 -
l I I I I I 10-1 

1 2 3 4 5 6 8 10 2 3 4 56 8 102 2 3 4 5 6 8 103 

T~MPERATURE. K 

HEMAHKS 

The recommended values are for \\"ell-:llmealed high-purity iridium and are 
considered accurat~ to within ± ;:}% of the true valUES at temperatures below 
500 K and ± 1 0% above. The thermal cO'1ducth"ity at temperatu res near and 
below the corresponding temperature, Tm , of the conductivity maximum is 
highly sensitive to small physical and chemical variations among different 
specimens, and the recommended values belmv ] 5C K are applicable only to 
a specimen having residual electrical resistivity Po = O. 0191 ~ em. Values 
at temperatures below about 1.5 Tm are calculated to fit experimental data 
by using equation (7) and usir.g the const'J.nts m, 11, and Ct." given in Table 1 
for iridium and f3 = 0.781. 

2 3 4 5 

,~ 

RECOMMENDED VALUES 

[Tempera~ure, T, K; Thermal Conductivity, k, W cm-t K-1
] 

SOLID 

T k T k 

0 0 250 1. 50 
1 1. 30* 273.2 1. 48 
2 2.60 298.2 1. 47 
3 3.90 300 1. 47 
4 5.19 323.2 1. 47 

5 6.48 350 1. 46 
6 7.77 373.2 1. 45 
7 9.04 400 1. 44 
8 10.3 473.2 1. 42 
9 11. 5 500 1. 41~' 

10 12.7 573.2 1. 39':' 

11 13.8 600 1. 38':' 
12 14.9 673.2 1. 36':' 
13 15.9 700 1. 35':' 
14 16.7 773.2 1. 33~~ 

15 17.5 800 1. 32~' 
16 18.1 873.2 1. 30'~ 
18 18.9 900 1. 29~~ 

20 19.0 973.2 1. 27* 
25 17.2 1000 1. 26~' 

30 13.7 1073.2 1.24':' 
35 10.1 1100 1. 23~~ 

40 7.50 1173.2 1. 21~' 
45 5.89 1200 1. 20~~ 

50 4.72 1273.2 1. 18':' 

60 3.31 1300 1. 17~~ 

70 2.54 1373.2 1. 15;~ 

80 2.09 1400 1. 14':' 
90 1. 84 1473.2 1. 12~' 

100 1. 72 1500 1. 11'~ 

1?3.2 1. 65 
150 1. 59 
173.2 1. 56 
200 1. 53 
223.2 1. 51 

ExtrapolatEd • 
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TEMPERATURE. K 

HEMAPKS 

The recommended values are for weU-annealed l';n-h_"""itu 
.'ed accurate to within ±5% of the true values 
from 100 K to room temperature, ± 2% from room 

1000 K, the uncertainty probably increasing to about:±i 

3 4 5 (j 8 103 

at the melting point. Reliable estimation of the uncertainty of the provisional 
values :01' molten iron can hardly be given. The thernal conductivity at tem
peratures near and below the corresponding temperature, T m, of the conduc-
tivity ITaximnm is highly sensitive to small physical rnd chemica! variations 
among different specimens, and the recommended vaiLles below 2[)0 K are ap
plicable only to a specimen having residual electrical resistivity Po = 0.0143 tJ&) cm. 

at temoeratures below about 1. 5 Tm are calculated to fit experimental 
using the constants m, 1, and an given in Table 1 
c. 0_ 585. 

-
'--'---

3 4 

RECOMMENDED VALUEE t 

[Temperature, T, K; Thernnl Conductivity, k, W cm-1 K-1) 

SOLID LIQUID 

T k T k T k 

0 0 250 0.8G5 1810 0.403* 
1 1. 71':' 273.2 0.835 1873.2 0.413* 
2 :3_ 42 298.2 0.804 1900 O. 
3 5.11 300 0.802 1973.2 O. 
4 G.77 323.2 0.774 2000 0.42G'" 

8. :IH 350 0.744 2073.2 O. 
6 fl. D~l 373.2 0.720 2173.2 O. 
7 11. 4 400 0,695 2200 O. 
8 12.7 47~L 2 0.634 2273.2 0.44W;' 

1:.1. D 500 0.613 2400 0.450>1< 

10 14.8 573 .. 2 0.564 2473.2 0.452';< 
11 15.6 600 0.547 2600 O. 4551~ 
12 16. :~ (j73.2 0.504 2673.2 0.456* 
13 16.7 700 0.488 2800 0.458';< 

14 Hi. H 773.2 0.448 2873.2 0.459* 

15 17.0 800 0.43:3 3000 0.458* 
16 16. fl 87:3.2 0.394 3073 0.458* 
18 16. :1 900 O. ~~80 3200 0.45W;< 

20 15.4 973.2 0.340 3273 0.454>:< 
25 12.7 1000 0.323 3400 0.451':< 

30 10.0 1043 0.295 3600 0.442"" 
:35 7.88 1073.2 0.298 3800 0.430';< 

40 G.2:1 1100 0.298 4000 0.415"" 
45 4.99 1173.2 0.300 4500 O. 368'~ 

50 4.05 1183 0.300 5000 0.308"" 

60 2. 85 1183 0.280 5500 O. 233'~ 
70 2.16 1200 0.283 6000 0.147* 
80 1. 75 1273.2 0.296 6500 0.051'" 
90 l. 50 1300 0.300 

100 1. :34 1373. ~ 0.309 

12a.2 l. 15 1400 0.312 
150 l. 04 147:3.2 0.3Ul 
17:3.2 O. fl!H 1500 0.329 
200 0.940 1573.2 0.327 
22.1.2 O. !)04 1GOO 0.330 

1673.2 O.3a5';' 
1700 0.338':' 
1773. ~ O. 34~'l* 
1800 0.34&:< 
1810 0.341':)';< 

,;, Extrapolated or estimated. 
·t Vdues for molten iron are provisionaL 
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THERMAL CONDUCTIVITY OF AmICO mON 
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TEMPERATURE, K 

HEMARKS 

The recommended values are for ,,:eIl-annealed ,\rmco iron and are considered 
accurate to within ±5'70 of the true values at temperatures below 100 K, ±3'70 
from 100 K to room temp~rature. ::: Zc. 1'1'0111 temperature to about: 1000 K, 
the uncertainty probably increasing tJ about at ] 1300 I':: and ± 15% at the 
melting point. The thermal conductLTit.v at temperatures near and below the 
corresponding temperature of the cOllcluctivit:-: maximum is highly sensitive 
to small physical and chenical variaoions among different specimens, and the 
recommended values below 200 K a re applicable only to n specimen having 
residual electrical resistvity Po = 0.690 IlO cm. For other specimens having 
different residual electrical resistivities, thermal conductivity values may be 
derived from measured e~ectrical resistivity data and values of the Lorenz function 
given in the table. . 

2 3 4 5 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1; 
Lorenz Function, L, 10 -8 V2 K-2] 

Thermal Conductivity Lorenz Function 

T I( T k T L 

0 0 250 0.765 6 2. 505 
1 0.0358':' 273.2 0.747 7 2.523 
2 0.0718* 298.2 0.728 8 2.531 
3 O. 108~~ 300 0.727 9 2. 5~1:3 
4 O. 144~' 323.2 0.710 10 2.532 

5 O. 180~~ 350 0.691 12 2.529 
6 0.217 373.2 0.676 14 2.528 -4 

7 0.253 400 0.657 16 2.528 % 
m 

8 0.290 473.2 0.610 18 2.527 '" 9 0.326 500 0.593 20 2.521 ~ 
10 0.362 573.2 0.547 25 2.477 » 

~ 

11 0.398 600 0.531 30 2.395 n 
12 0.434 673.2 0.488 35 2.292 0 
13 0.470 700 0.473 40 2.188 Z 
14 0.505 773.2 0.435 45 2.096 C 
15 0.541 800 0.422 50 2.021 c: 

n 
16 0.575 873.2 0.386 55 1. 965 -4 
18 O. E44 900 0.372 60 1. 927 < :::0 0.712 973.2 0.336 65 1. 905 :::t 
~5 O. E58 1000 0.323 70 1. 895 -< 
30 0.982 1059 0.293 75 1. 895 0 
35 1. 07 1073.2 0.293 80 1. 903 .." 

40 1. 13 1100 0.294 85 1. 917 -4 
45 1. 15 1173.2 0.296 90 1. 935 % 
50 1. 15 1183 0.296 95 1. 956 m 

m 
EO 1. 13 1183 0.285 100 1. 980 ~ 

70 1. 09 1200 0.287 110 2.034 m 
EO 1. 05 1273.2 0.294 120 2.091 ~ 

m 
£0 1. 00 1300 0.296 130 2.150 Z 

leO o. ~56 1373.2 0.303 140 2.209 -4 
tn 

1~3. 2 O. E96 1400 0.306 150 2.266 
HO O. E55 1473.2 0.312 160 2.320 
173.2 O. E31 1500 0.314 170 2.371 
200 O. E06 1573.2 0.320 180 2.418 
22:3.2 0.786 1600 O. 322~' 190 2.46] 

1673.2 O. 328~' 200 2.499 
1700 O. 330~' 
1773.2 O. 336~' 
1800 0.338* 

):( 

Extrapolated. 

Co.) 
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I I I III II I I II! II ,----4-j~_+__A ~~___t__+__i_t 
i. I I 

3 4 56 8 10 

N.M. P. I1GK .... N.B,P. 120 K 

TIl 
2 . 3 4 55 8 102 

TEMPERA 'JURE. K 

~.c. T. 210 K 
I I I I I \ 

3 4 5 6 8 103 

\ 

3 4 5 

nEMARKS 

SOl'ions differences exist .n measurements for the solid, possibly produced by varJ'ing 
impurity contents. These ;>roducc an uncertainty of possibly 40% above 25 K. No re
liable estimate at lower temperatures is fell possf)\c. The saturated liquid values be-
10\\' IDO K should be accurate to within 2%, the uIlc3rtainty steadily increasing to pos
sihl~' 20% at the critical p)int. For the vapor a 3% uncertainty below 150 K is considered 

-, . ,. -. - -, considered accurate 
10% at 2000 K. 

RECOMMENDED VALUES 

[Temperature, T. K~ ThermaL Ccnductivity> 1<., W em1 K-11 

SOLID SATURATED I,IQUID 

T k x 103 T 

116:1= 
lZ0 

1. ;) 0.8* 125 
2 1. 3 ~.' 130 

2.5 2, O~r 13S 

3 2.7 140 
3.5 3.5 145 
4 4.4 150 
4,5 5.4 155 

6,5 160 

6 8.9 165 
7 10.7 170 

8 14.4 175 
9 16 180 

10 17 185 

12 16 190 
14 15 195 
IG 14 200 
18 13 205 
20 12 210 

25 9.8 
30 8.3 
35 7.1 
40 G.2-
45 5.6 

50 5.1 
60 4.3 
70 3.8 
80 3.4 
90 3.1 

100 2.8 
110 2.6 
1l6~ 2.5 

>.' Estj mated or extrapolated. 
t Pseudo-critical value. 
:\: N'lrmal·boiling point. 

k X lO3 

0.931 
O.90i: 
0.872 
O. 83~ 
0.806 

O. 77~ 
0,740 
0.708 
0.6n 
0.642 

0.609 
0.5n 
0.543 
0.510 
0.477 

0.444c 
0.408 
0.365 
O. 31~ 
O.21*';-

SATURATED VAPOR 

T k X 103 

120 0.0406* 

125 0.0429* 
130 0.0452* 
135 0,0476* 
140 0.0501':' 
145 ' 0, {]527* 

150 O.(]554* 
155 0, (59* 
160 0, (62~~ 
165 0. (65':' 
170 0. ()70* 

175 0.074* 
l80 0.079* 
185 0.085* 
190 0.093* 
195 0. ~Ol >'.< 

200 0, a2~~ 
205 O. l:~5~~ 

210 o. :n""t 

w 
(II 
0' 

% 
0 

"0 
0 
~ 
m 
r-
r 
» 
Z 
C 
r-
;: 
m 
-< 



THERMAL CONDUCTIVITY OF KRYPTON (continlled) 

RECOMMENDED VALUES 

GAS 
(AT 1 atm) 

T k x 103 T k X 103 T k X 103 

500 O. 147 900 O. 227 
510 0.149 910 0.228 

120 0.0405 520 0.151 920 0.230 
130 0.0437 530 0.154 930 0.231 
140 0.0469 540 0.156 940 . 0.233 .-of 

::E: 
150 0.0501 550 0.158 950 0.235 m 
160 0.0533 560 0.160 960 0.237 :10 

170 0.0562 570 0.162 970 0.239 ~ 
180 0.059:3 580 0.165 980 O. 240 l> 

~ 

190 0.0623 590 0.167 990 O. 242 n 
200 0.0653 600 0.169 1000 0.244 0 
210 0.OG83 1310 0.171 1050 0.252 Z 
220 0.0713 1320 0.173 1100 0.260 C 

2:30 0.0742 ~30 0.176 1150 O. 268 
c:: 
n 

2,10 0.0772 340 0.178 1200 O. 27G .-of 

250 0.0802 '350 0.180 1250 O. 284 <: 
260 0.0830 ~60 0.182 1300 O. 291 =4 

-< 
270 0.0860 570 0.184 1:350 0.299 
280 0.0891 580 0.18G 1400 0.306 0 

" 290 0.0920 590 0.188 1450 0.313 
-f 

:300 0.0949 700 0.190 1500 0.320 J: 
:310 O. 0~)78 710 0.192 1550 0.327 

m 

:320 O. 1007 720 0.194 1600 0.334 m ,... 
:330 0.10:35 730 0.196 1650 0.341 m 
:340 O. 10(;:3 740 0.19& 1700 0.347 ~ 

m 
350 O. 10DO 750 0.200 1750 0.353 Z 
360 0.1118 760 0.201 1800 0.359 -f 

I/) 

370 0.1145 770 0.203 1850 0.365 
!- 380 O.l17a 780 0.205 1900 0.371 

" ::r :390 O.lHH) 7~lO 0.207 1950 0.377 
~ 400 O. 1226 800 0.209 2000 O. :382 n 
::r 410 O. 1252 S10 0.211 
III 

~ 420 O. 1278 820 0.212 

~ 430 O. 1:302 8:30 0.214 
.~ 440 0.1329 840 0.21() 
c 450 0.1355 850 0.218 Q 

~o 460 O. 1380 860 0.220 
< 470 O. 1405 870 0.221 
~ 480 0.1430 880 0.223 
:-- 490 0.1450 890 0.225 
Z 
!:t 
.!" 
-0 

(,) 

" en ..., ..... 
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THERMA L CONDUCTIVITY OF LANTIIAJ\TUM 

1 

8 

6 
5 
4 

~ I I I I I I I I I I " I 1 1 r++ I 1 1 I I 13 

3 

c:; 10-1 

~ 8 

><" 6 
r-< 5 

~ 4 

.....:l 
S 10-2 

~ 8 .... 
w () ::r: 
r-< 5 

4 

;~ t---. 

-

-
-

2 

10-" L-, r l:r~ r' C~) 4{ KI 
T. P. (f3-y) 1141 K TM. P. 1198 K-! 

T. P. (0'-/3) 588 K11 I I I I I 
I I I I I I I .1 I.. .. I 

2 3 4 5 (i 8 10 

TIEMAHKS 

:l 4 56 8 102 

-::'EMPERATURE, K 

2 :1 4 5 () 8 103 

The values are for well-annealed high-purity hmthanuin. Above 80 K the values 
are recommended values and are considered accurate to within ±5% of the true 
values at temperatures within ±100 K of room temperature and ±10 to ±15% 
at other temperatures. The provisional values above 10K are very uncertain, 
and those below 10K should be good to ±15%. The thermal conductivity at tem
peratures near and below the corresponding temperature of the conductivity 
maximum is highly sensitive to small p!wsical and chemical variations among 
different specimens, and the values bebw 50 K are applicable only to lanthanum 
having residual electrical resistivity Po == 1. 29 ~ em. 

:1 4 5 

w 
U1 
CJ:) 

RECOMMENDED VALUES t 

[Temperatllre,T, K; Thermal Conductivity, k, W cm-t K-l) 

SOLID 

Polycrystalline 

T k T k 

0 0 123.2 0.103 

1 0.0250':' 150 0.109 

2 0.0468 173.2 0.116 

3 0.0674 200 0.118 

4 0.0875 223.2 0.122 

5 0.107 250 0.127 

6 0.124 273.2 0.131 

7 O. 140 298.2 0.134 

8 0.154 300 0.135 

9 O. 166 323.2 0.138 :I: 

10 0.176 350 0.142 0 
11 0.183 373.2 0.145 

12 0.188 400 0.149 '"V 

13 0.191 473.2 0.158':' 
0 

14 0.192 500 0.162':' ~ 
m 

15 0.191 573.2 0.175'~ 
,... 
~ 

16 0.188 600 0.179* » 
18 0.179 673.2 O. 192"~ 

20 O. 168 700 0.196* 
Z 

25 0.141 773.2 O. 207~' 
C 

O. 211"~ 
!:: 

30 O. 121 800 ,... 
35 0.108 873.2 0.219':' m 

-< 
40 O. 101 900 0.222':' 

45 0.0969':' 973.2 0.227':' 

50 O. 0943'~ 1000 0.229':' 

60 0.0927':' 1073.2 0.232':' 

70 0.0929':' 1100 0.232':' 

80 0.0941':' 
90 0.0958 

100 0.0978 

'* Extrapola:ed or interpolated. 
~ Values below 80 K are provisional. 
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THERlVIAL CONDUCTIV1TY or LEAD 

102 
~ -

8 
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6 
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fl~i P. (IS, ,.)7{9i i 
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~ I I I 
LM. P. 600.652 K -

I I Ill1 .... ~~_ 

2 3 4 56 8 10 

REJI/lARKS 

3 4 56 8 102 

fEMPERATURE, K 

2 3 4 5 6 8 103 

The recommended values are for well-annealed high-purity lead and are con
sideredaccurate to within ±3% of the t::-ue values at moderate temperatures, 
±5% at high temperatures, and ±10% at low temperatures and for molten lead 
within about 200 K of the melting pOint. The thermal conductivity at temperatures 
near and below the correspcnding temperature, T:n. of the conductivity maximum 
is highly sensitive to small physical and chemical variations among different 
specimens, and the recommended values below 30 Kare applicable only to lead 
in the normal state'having residual electrical resistivity Po = 0.000862 JJO cm. 
Values at temperatures belcw about 1. 5 Tm arc calculated by using equation (7) 
and using the constants m, n, and a" given for ler-d in Table 1 and the parameter 
f3 = 0.0353. 

2 3 4 5 

RECOMMENDED VALUES t 

[Temperature,T, K; Thermal Conductivity, k, W cm-t K-1] 

SOLID 

T k T k 

0 0 60 0.425 
1 27.9 70 0./416 
2 44.6 80 0.409 
3 35.8 90 0.403 
4 22.2 100 0.397 

5 13.8 123.2 0.389 
6 8.10 150 0.379 
7 4.86 173.2 0.372 
8 3.20 200 0.367 
9 2.30 223.2 0.365 

10 1. 78 250 0.360 
11 1. 46 273.2 0.356 
12 1.23 298.2 0.353 
13 1. 07 300 0.353 
14 0.944 323.2 0.350 

15 0.845 350 0.347 
16 0.772 373.2 0.344 
18 0.661 400 0.340 
20 0.591 473.2 0.330 
25 0.507 500 0.328 

30 0.477 573.2 0.318 
35 0.462 600 0.314 
40 0.451 600.652 0.314 
45 0.442 
50 0.436 

LIQUID 

T k 

600.652 0.155 
673.2 0.170 
700 0.175 
773.2 0.187 
800 0.192 

873.2 0.201 
900 0.205 
973.2 0.212 

1000 0.215 

t Values above 800 K arc provisional. 

-I 
X 

'" ::Ia 
~ 
l> ,... 
n 
0 
Z 
C 
C 
n 
-I 

< 
::ij 
~ 

C ., 
-:J 

" 
" I" 

" ~ 
" ~ . 
~. 

Co) 
c.n 
CD 



~ 
~ :r 

";i 
n 
:r 
II) 

~ 
;Ia 

~ 
0 a 
D 
"< 
~ 

Z 
P 
t.) 

-0 
...... 
t.) 

THERMAL CO)lDUCTIVITY OF LITHIUM 
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TEMPERATuRE, K 

HEMARKS 

The recommended values are for well-annealed high-purity lithium and are con
sidered accurate to within abollt ±S% for the solid st~te and for molten lithium 
to about 700 K. Tbe uncertairty increases to about :1:10% by 1600 K and continues 
to increase at higher temperatures. The thermal conductivity at temperatures 
near and below the corresponCing temperature, T m , of the conduct.ivity maximum 
is highly sensitive to small physical and chemical variations among different 
specimens, and the recommerded values below 150 1< are applica.ble only to 
lithium having residual electrical resistivity Po =0 O. (1372 ,.,n cm. Values at 
temperatures below about 1.5 Tm are calculated to fit experimental data by 
using equation (7) a.nd using th~ constants m, n, and ~" given for lithium in 
Table 1 and the parameter fj '" 1. 52. 

3 4 5 

RECOMMENDED VALUESt 

[Temperature, T, K; Thermal Conductivity, k, If{ cm-1 K-1J 

SOLID LIQUID 

T k T k T k T 

0 60 1. 75 453.7 0.428* 1900 

0.658* 70 1. 40 473.2 0.434 1973.2 

2 1. 32 80 1. 20 500 0.443 2000 

3 1. H7 90 1. 10 57~~. 2 0.467 2073.2 

4 2.62 100 1. 04 600 0.476 2173.2 

3.2H 123.2 O. H86 673.2 ').500 2200 

G 3.86 150 0.949 700 0.509 2273.2 

7 4.56 173.2 0.925 773.2 0.533 2400 

8 5.15 200 0.901 800 0.541 2473.2 

9 5. G7 223.2 0.887 873.2 0.564 2600 

10 6.13 250 0.871 900 0.572 2673.2 

11 6.51 273.2 0.859 973.2 0.593 2800 

12 6.82 298.2 0.848 1000 0.600 2873.2 

13 7.09 300 0.847 1073.2 0.619 3000 

14 7.25 323.2 0.839 1100 0.625 3073 

15 7.38 350 0.828 1173.2 0.641 3200 

16 7.40 373.2 0.818 1200 0.647 3273 

18 7.39 400 0.804 1273.2 0.661 3400 

20 7.20 453.7 0.772* 1300 0.665 3473 

25 6.30 1373.2 0.676 3600 

30 5.20 1400 0.680 3673 

35 4.22 1473.2 0.688 3800 

40 :3.43 1500 0.691 3873 

45 2.81 1573.2 0.697 4000 

50 2.35 1600 0.699 4073 

1673.2 0.703 C.T. = 4150 
1700 0.704 
1773.2 0.706 
1800 O. 707~'< 
1873.2 O. 707~' 

* Extrapolated or estimated. 
t Values above 1800 K are provisional. 

k 

O. 707~~ 
0.706* 
0.705* 
0.703* 
0.698* 

O. G96* 
O. 6HO'~ 
O. G76* 
0.666* 
0.645* 

0.630* 
0.602* 
O. 581'~ 
0.54:3* 
O. 51(P~ 

O. 467~~ 
0.437* 
0.383* 
O. 351 ~~ 
O. 293~' 

0.257* 
O. 193~~ 
O. 155* 
0.086* 
O. 045~~ 

0.002* 
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TTlERlVTAL CONDUCTIVITY OF LUTETIUM 

PROVISIONAL VALUES 
l-

f-
' .. - ------t-I- [Temperature, T, K; Thermal Conductivity, k. W cm -1 K- 1] 

6 
5 

3 

2 
::G 

"';' 

~ 10"( 

:s 8 

~ 
f-o 5 
:; 4 
b 3 u 
~ 
0 2 z 
0 
V 
--:: 
5 10-2 

::; 8 

l,,-~/" 'H~ I to O-ax's If -"T '""'"--'- PolYorys,oJ;:--
I I I I I I I ine .1 

lj,J"-' I~ 
~ 1/1 r 

-----1/ 1// 
f---/- -/ - itI t/ 
f--; 1-/ 

/ '/1 
/-/-1-1 

II 
II 
II 

/-; 
"1'-1 

W 6 I 
r.: 5 

4 

3 

2 M. P. 1U2:3 K_ 
f-

I I I I 

T. r (0'-/3) near M P 

I I 
i II I I I . . 1 

10-3 

2 3 f 5 (j 8 10 2 3 4 5 6 i:! 102 3 4 5 6 8 103 

TEMPERATURE, K 

RDIATU,S 

The provision:d values are for well-annealed high-purity lutetium and are 
considered accurate to within ±20'7o of the true values at temperatures from 
10 to 100 K and::: 1570 above 100 K. The values below 10 K are very uncertain. 

At temperatures below 100 K the '''[llues for kll' kJ.' and kpoly are applicable 
only to samples having resiclunl e:ectrical resistivities of 0.76, 2.G5, and 
1.45 IJO cm. respectiYely. 

T 
-

-
-

- 10 
11 
12 
L1 
14 

15 
16 
18 
20 
25 

- 30 
35 
40 

3 4 5 45 
~o 

W 
'i0 
EO 
90 

HO 

123.2 
150 
173.2 
2(i0 
223.2 

250 
2':3.2 
29~. 2 
300 

-" 
Extrapolated . 

SOLID 

II to -'- to Poly-
c-axis c-ruds crystalline 

k k Ie 

0 0 0 
0.0155':' 0.00510':' 0.00757':' 
0.0496':' 0.0165':' 0.0244':' 
0.0984':' 0.0328 0.0484 
0.160':' 0.0532 0.0786 

0.217':' 0.0742 O. 108 
0.262':' 0.0934 0.134 
0.295':' 0.110 O. 155 
0.322 O. 124 0.173 
0.343 0.13G 0.188 

0.359 O. 145 O. 199 
O. :~72 0.153 0.208 
0.383 0.160 0.216 
0.391 O. 166 0.223 
0.397 0.171 0.229 

0.402 0.175 0.233 
0.406 0.179 0.237 
0.408 0.185 0.243 
0.406 0.188 0.245 
0.384 0.191 0.242 

0.353 0.188 0.233 
O. 3:~0 O. 182 0.223 
0.317 0.178 0.216 
0.308 0.175 0.212 
0.303 0.173 0.209 

0.296 0.169 0.204 
0.290 O. 166 0.200 
0.285 0.163 n. 197 
0.280 0.161 0.194 
0.277 O. 160 0.192 

0.267 O. 155 O. 186 
0.260 O. 152 O. 182 
0.255 0.149 0.179 
0.249 0.146 0.175 

0.245 0.144 0.173 

0.240 O. 142 0.170 
0.236 0.140 0.167 
0.232 0.138 0, 164 
O. 2~~2 0.138 O. IG4 

-4 
:l: 
m 
=0 

~ » ,... 
n 
0 
Z 
C 
c: 
n 
-4 

<: 
=4 
-< 
0 
.." 

-4 
:l: 
m 
m ,... 
m 
~ 
m 
Z 
-4 
en 

W en 
~ 



!-
." :r-
~ 
n 
:r-
ID 

~ 
:IU 

~ 
c 
Q 

,0 
< 
~ 

Z 
!l 
,!'-) 

-0 

" ..., 

TIIEBMAL CO"t'DUCTIViTY OF MAGNESIUM 

102 

8 

6 
5 
4 

..... I I I I I 
'- I I I I I 

1 1 

-t+-
3 

I -
~ 

I 

0 10 

~ 

>< 6 
E-< 5 
:; 4 
~ 
U 
:::J 
Cl 
Z polycrystalline 
0 
U -, 
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:S 
~ 
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\....,~ :;:: 
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3 

10-1 1 I I I I 1 
lPI' r, ~il 

1 4 5 6 8 10 2 3 4 5 6 8 102 2 :1 4 5 6 8 103 

TEMPERATURE, K 

nEMA nKS 

The recommended values are for well-annealed high-purity magnesium nncl nrc 
considered accurate to within ±30/0 of the true values at moderate temperni:ures, 
:t 100/0 for low temperatures ard as the melting point is approached, and :U 5% for 
the liquid state within some 200 K of the melting point. The thermal conductivity 
at temperatures near and below the corresponding temperature, 'I'm, of the con
ductivity maximum is highly sensitive to small physical and chemical variations 
among different specimens, and the recommended values below 100 K are applicable 
only to magnesium having residual electrical resistivity Po = 0.00261 IJ,O cm. 
Values at temperatures below about 1. 5 Tm are calculated to fit experimental data 
by using equation (7) and using the constants m, 11, and a" given for mngnesium 
in Table 1 and the parameter (3 == O. Hll. 

1 

-
-

-

-
-

-

-

-

2 4 

c".) 
en 
!\) 

RECOMMENDED VALUES t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1] 

SOLID LIQUID 

Polycrystalline 

T k T T k 

123.2 1. 63 923.2 0.790':' 

9.86 150 1. 61 973.2 0.82(-)':' 

2 19.6 173.2 1. 60 1000 0.844':' 

:l 29.0 200 1. 59 1073.2 O. 8!)~1':' 

4 37.6 250 1. 57 1100 0.911':' 

45.0 273.2 1. 57 1173.2 O. 9(jl':' 

50.8 298.2 1. 56 1200 0.978':' 

54.7 300 1. 56 
56.7 323.2 1. 55 
57.0 a50 1.55 

10 55.8 373.2 1. 54 :I: 

11 5:{.7 400 1. 53 
0 

12 50.9 473.2 1. 52 ." 
13 47.8 500 1.)1 0 
14 44.4 573.2 1. 50 ~ 

m 
15 41. 1 600 1. ~9 r-

IG 37.9 673.2 1. !8 ~ 

18 :32.2 700 1. !7 » 
20 27.2 773.2 1. !6* Z 
25 18.3 800 1. !6~' C 

30 12.9 87:3. 2 1. 45~"' !: 
35 9.45 900 1. 15':' 

r-
m 

40 7.19 923.2 1. 45':' -< 
45 5.70 
50 4.65 

GO :3.27 
70 2.49 
80 2.02 
90 1. 78 

100 1. 69 

~, Extrapolated or estimated. 
'1' VSJllCS for 111oltJ:'n mngl1 C"JU'11 
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TTTEHM/\I, CONDUCTIVITY OF MANGANESE 
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TEMPERATURE, K 

HE)'lAHKS 

The values around room tempera:ure are for well-annealed high-purity mClnganese 
rind are considered accurate to within ± 20'70. The accuracy may be slightly better around 
room temperature. V'l.lues below room temperature are applicable only to manganese of 
!J9. !JH;/'o pure having residual elecTical resistivity Po = 11.:3 J£2 cm. 

-
-

-

-
-

:3 4 5 

PROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm -t K-t] 

SOLID 

T k 

0.00645':' 
;{ 0.00813 
4 0.0095fl 

0.0109 
0.0121 

7 0.01:32 
8 0.014:3 
9 0.0153 

10 0.0163 
11 0.0172 

12 0.0180 
13 0.0188 
14 0.0196 
15 0.0205 
16 0.0213 

18 0.0227 
20 0.0241 
25 0.0274 
30 0.0304 
35 0.0332 

40 0.0358 
45 0.0382 
50 0.0406 
60 0.0450 
70 0.0491 

80 0.0526 
90 0.0555 

100 0.0579':' 
123.2 0.0624':' 
150 0.0663':' 

173.2 0.0691':' 
200 O. 0717~' 
223.2 O. 0735~' 
250 0.0754':' 
273.2 O. 0768~' 

298.2 0.0781 
:lOO 0.07821,' 

>:' 
Extrapolated or interpolated. 
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TEMPERATURE, K 

REMARKS 

The values for the solid state above 80 K and for the liquid state are recommended values for high
purity mercury and are considered accurate to within ± 10% of ilie true values at temperature from 
80 K to the melting point and ± 5% from the melting pOint to 700 K. The uncertainty increases above 
700 K and up to ± 20% at the highest temperature. The values b3low 80 K are merely typical values 
and represent typical curves serving to indicate the general trend of the thermal conductivity of 
mercury at low temperatures. 

RECOMMENDED YALUES t 

[Temperature, T, K; Thermal C~)llductivity k, W em -1 K-1] 

SOLID LIQUID 
II to tri- .J.. to tri - Poly-

gonal axis gonal axis crystalline 

T k k k T k 

0 0 0 234.288 0.0697 
1 82.4* 57.2':< 65.6* 250 0.0732 
2 21.5* 14. 9~' 17.1 273.2 0.0782 
3 6.34* 4.40* 5.05 298.2 0.0830 
4 2.84* 1. 97* 2.26 300 0.0834 
5 1. 66* 1.15* 1. 32* 323.2 0.0874 
6 1.11* 0.770* 0.883* 350 0.0915 
7 0.834>:' 0.581* 0.66S* 373.2 0.0947 
8 0.691* 0.481* 0.551* 400 0.0984 
9 0.615* 0.429* 0.491* 473.2 0.107 

10 0.576* 0.400* 0.459* 500 0.110 
11 0.559* 0.387* 0.444* 573.2 0.117 
12 O. 547"~ 0.382* 0.437* 600 0.120 
i3 0.538* 0.377* 0.431* 673,2 O. 126 
14 0.532* 0.373* 0.426* 700 0.127 
15 0.527* 0.369* 0.422* 770 0.1283 
16 0.522* 0.366* 0.418* 773.2 0.128 
18 0.512* 0.360* 0.411* 800 0.128 
20 0.504* 0.354* 0.404* 873.2 0.126 
25 0.488* O. 343~' 0.391* 900 0.124* 
30 0.474* 0.334* 0.381* 973.2 0.119* 
35 0.462* 0.327* 0.372* 1000 0.117* 
40 0.452* 0.320* 0.364* 1073.2 0.111 * 
45 0.444* 0.315* 0.358* 1100 O. 108* 
50 0.437* 0.311* 0.353* 1173.2 0.101* 
60 0.424* 0.304* 0.344* 1200 0.0984* 
70 0.413* O. 297"~ 0.336* 1273.2 0.0904* 
80 0.404 0.293 0.330* 1300 0.0872* 
90 0.396 0.288 0.324 1373.2 0.0773* 

100 0.390 0.285 0.320 1400 0.0732* 

123.2 0.374 0.279 0.311 1473.2 0.0610* 
150 0.360 0.271 0.301 1500 0.0559* 
173.2 0.349 0.268 0.295 1573.2 O. 0407"~ 
200 0.340 0.264 0.289 1600 0.0345* 
223.2 0.332 0.260 0.284 1673.2 0.0164* 
234.288 0.283 1700 0.0094* 

C. T. == 1733 0.00045* 

* Extrapo[ated or estimated. 
t Values below 80 K are merely typical values. and those above 1000 K 

are provisional. 
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TEMPERATURE, K 

REMARKS 

The recommended values are for well:-annealed high-purity molybdenum and 
are considered accurate to within ±100/0 of the ~rue values at low temperatures, 
:l:40/0 at moderate temperatures, and within ±lS% as the melting point is approached. 
The thermal conduct~.vity at temperatures near and below the corresponding tem
perature, Trri, of the conductivity maximum is highly sensitive to small physical. 
and chemical variations among different specimens. and the recommended values 
below room temperature are applicable only to molybdenum having residual elec
trical resistivity Po = 0.167 ~n cm. Values at temperatures below about 1. 5' '::'m 
are calculated to fit experimental data.: by using equation (7) and using the constants 
ro, n, and a" given for molybdenum in Table 1 and the parameter (3 = 6.58. 

EECOMMENDED VALUES 

[Temperature, T, Kj Thermal Conductivity, k, W cm-1 K--t] 

T k 

0 0 
1 0.152>:< 
2 0.304':< 
3 0.456 
4 0.608 

5 0.760 
6 0.911 
7 1. 06 
8 1.21 
9 1.36 

IO 1.51 
11 1.66 
12 1. 81 
13 1. 95 
14 2.09 

15 2.23 
16 2.37 
18 2.63 
20 2.87 
25 3.36 

30 3.64 
35 3.70 
40 3.55 
45 3.28 
50 3.02 

60 2.62 
70 2.32 
80 2.09 
90 1.93 

100 1. 79 

* Extrapolated. 

SOLID 

T 

123.2 
150 
173.2 
200 
223.2 

250 
273.2 
298.2 
300 
323.2 

350 
373.2 
400 
473.2 
500 

573.2 
600 
673.2 
700 
.773.2 

800 
873.2 
900 
973.2 

1000 

1073.2 
1100 
1173.2 
1200 
1273.2 

k T k 

1. 60 1300 1. 03 
1. 49 1373.2 1. 01 
1.45 1400 1.00 
1. 43 1473.2 0.985 
1. 42 1500 0.980 

1.40 1573.2 0.966 
1,39 1600 0,960 
1. 38 ]673.2 0.948 
1. 38 1700 0,944 
1. 38 ]773,2 0.933 

1.36 ]800 0,929 
1.35 1873.2 0.918 
1. 34 1900 0.915 
1.32 1973.2 0.906 
1.30 2000 0.903 

1. 27 2073.2 0.894 
1. 26 2173.2 0.885 
1. 23 2200 0.882 
1.22 2273.2 0.876 
1.19 2400 0.866 

1.18 2473.2 0.861 
1. 16 2600 0.852 
1. 15 2673.2 0.848 
1. 13 2800 0.840 
1.12 

1. 09 
1.08 
1.06 
1.05 
1. 03 
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TEMPERATURE, K 

RElY.ARKS 

The provisional values are for high-purity polycrystalline neodymium and are 
considered aCC:.lrate to within ±150/0of the true values near room temperature. 
The uncertainty increases to ± 300/0 at the highest temperatures. 

3 4 5 

PROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 

7.' 
Extrapolated. 

SOLID 

Po.lycrystalline 

T k 

200 0.166* 
223.2 0.165* 
250 0.164* 
273.2 0.165>:' 
298.2 0.165* 

300 0.165 
323.2 0.165* 
350 . 0.166* 
373.2 O. 167'~ 
400 0.168* 

473.2 0.171* 
500 0.173* 
573.2 0.178>1< 
600 0.179':< 
673.2 0.185* 

700 0.187* 
773.2 0.192>1' 
800 0.195* 
873.2 0.201* 
900 0.203* 

973.2 0.212>« 
1000 0.215* 
1073.2 0.222* 
1100 0.224* 
1120 0.225* 

1140 0&217':' 
1173.2 0.220>:< 
1200 0.224~" 
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TEMPERATURE, K 

:3 4 5 6 8 103 

The paucity of experimel1tal data for the solid restricts the error estimate to that the 
recommended values are probably accurate to within 20% above ;) K. Severe disagree
ment exists between some measuren".ents and correlations for the liquid phase. result
ing in a probable uncertainty of 20% below 35 K and as much as 40% at the critical point. 
Similar uncertainties are probable for the vapor. The gas values shouLd be accurate 
to within 2% up to 400 K, 4% at 1000 K, and 10% at 2500 K. 

3 4 5 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1) 

SOLID SATURATED LIQUID 

T k x 103 T k X 103 

24 1. 17 
1.0 7. 3~" 26 1. 15 
1.5 18.5':' 27 1. 13 
2.0 29.5':' 28 1. 12 
2.5 39.8* 29 1. 10 

3.0 45.7':' 30 1. 08 
3.5 47. It" 31 1. 06 
4.0 44.0':' :12 1. 04':' 
4.5 39.3':' 33 1. 02':' 

5 33. 6~' :34 0.99* 

6 24. ~~' 35 O. 96~' 
7 17.0':' 36 0.92':' 
8 13. O~' 37 0.88t" 
9 10. 2~' 38 0.84':' 

10 8.4':' 39 0.79* 

12 6.0':' 40 0.73':' 
14 4. 5~' 41 0.67':' 
16 3.7* 42 0.61 ':' 
18 3. It" 43 0.54':' 
20 2.7':' 44 O. 3:3t" t 

22 2.3':' 
24 2. 1'~ 

':' Estimated or extrapolated, hence provisional, 
t Pseud'J-critical value . 

SATURATED VAPOR 

T k x 103 

27 O. 079~' 
28 0.082 ':' 
29 0.085 >:' 

30 0.089 ':' 
31 0.093 * 
32 0.097 t" 

33 0.102 >:' 

34 0.107 ':' 

35 O. 112~' 
36 0.118 ':' 
37 0.124 ':' 
:38 0.131 t" 
39 0.138 ':' 

40 0.147 ;" 
41 0.16* 
42 0.17t" 
43 O. 19~' 
44 O. 33~' t 
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:r THERMAL CONDUCTIVITY OF NEON (continued) 

0) 

~ 
n RECOMMENDED VALUES :r 
ID 

~ GAS 
~ (At 1 atm) 
~ 
c T k X 103 T a k X 103 T k x 103 T k X 103 

0 
0.079* < 27* 350 0.544 650 0.815 950 1. 054 

~ 30 0.086':' 360 0.553 660 0.824 %0 1. 061 

:"' 35 O. 097'~ 370 0.563 fi70 0.833 970 1. 069 

Z 40 0.107'" 380 O. 572 680 0.842 980 1. 076 
~ 45 O. 117~' 390 0.581 690 0.851 990 1. 084 .., 

50 0.128* 400 0.590 700 0.861 1000 1. 091 
..0 60 0.148':' 410 0.600 710 0.870 1050 1. 129 ...... .., 70 0.168* 420 0.609 720 0.879 1100 1. 166 

80 O. 186 . 430 0.618 730 0.888 1150 1. 202 
90 0.204 440 0.628 740 0.897 1200 1. 238 

100 0.222 450 0.637 750 0.906 1250 1. 273 
110 0.239 460 0.647 760 0.914 1300 1. 307 
120 0.256 470 0.656 770 0.922 1350 1. 340 % 
130 0.272 480 0.666 780 0.929 1400 1.372 .. 0 
140 0.288 490 0.675 790 0.937 1450 1. 404 

150 0.303 500 0.685 800 0.945 1500 1. 435 
"'V 
0 

160 0.318 510 0.693 810 0.952 1550 1. 467':' ~ 
170 0.33:1 520 0.702 820 0.960 1600 1. 499* m 
180 0.347 530 0.710 830 0.967 1650 1"530~' r-

r-
190 0.361 540 0.719 840 0.975 1700 1. 561 * .. 
200 0.375 550 0.727 850 0.982 1750 1. 590* 

» 
Z 

210 0.388 560 0.736 860 0.989 1800 1. 618* C 
220 0.401 570 0.744 870 0.996 1850 1. 648* r-
230 0.414 580 0.753 880 1. 003 1900 1. 673* i= 
240 0.426 590 0.762 890 1. 010 1950 1. 700* m 

-< 
250 0.438 600 0.771 900 1. 017 2000 1. 727* 
260 0.449 610 0.780 910 1. 024 2100 1. 79* 
270 0.461 620 0.789 920 1. 032 2200 1. 84* 
280 0.472 630 0.797 930 1. 039 2300 1. 90* 
290 0.483 (}40 0.806 940 1. 047 2400 1. 95~' 

300 0.493 2500 2. OO~' 
310 0.504 
320 0.514 
330 0.524 
340 0.534 

* Estimated or extrapolated. 
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The proYif;ional ,'alue is for high-pul'it.y polycrystalline neptunium and is probably 
good to within ::: 2(r~,. 

pROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1] 

* Estimated. 

SOLID 

Polyc rystall ine 

T 

aOO 0.063':' 
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The recommended values are for well-alnealed high-purity nickel and are considered 
accurate to within ±10% of th~ true values. The thermal conductivity at temper
atures near and below the corresponding temperature, T rn' of the conductivity 
maximum is highly sensitive to small plysical and chemical variations among 
different specimens, and the recommended values below room temperature are 
applicably only to nickel having residual electrical resistivity Po = 0.0112 pn cm. 
Values at temperatures below about 1. 5 T m are calculated to fit experimental 
data by using equation (7) and using the constants m, n, and a" given by nickel 
in Table 1 and the parameter f3 = O. 460. 
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RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-t K-t] 

SOLID 

T k T k 

0 0 250 0.975 
1 2.17 273.2 0.941 
2 4.34 298.2 0.909 
3 6.49 300 0.907 
4 8. 59 323.2 0.880 

5 10.6 350 0.850 
6 12.5 373.2 0.827 
7 14.2 400 0.802 
8 15.8 473.2 0.741 
9 17.1 500 0.722 

10 18. 1 573.2 0.673 
11 18.9 600 0.656 
12 19.4 630 0.639 
13 19.7 673.2 0.648 
14 19.7 700 0.654 

15 19.5 773.2 0.670 
16 19.1 800 0.676 
18 18. 1 873.2 0.693 
20 16.5 900 0.697 
25 12.6 973.2 0.712 

30 9.56 1000 0.718 
35 7.36 1073.2 0.734 
40 5.82 1100 0.740 
45 4.75 1173.2 0.756 
50 4.00 1200 0.762 

60 3.08 1273.2 0.777 
70 2.50 1300 0.783 
80 2.10 1373.2 0.798 
90 1. 83 1400 0.804 

100 1. 64 1473.2 0.820 

123.2 1. 37 1500 0.826 
150 1. 22 
173.2 1.13 
200 1. 07 
223.2 1. 02 
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The recommended values are for well-annealed high-purity niobium and are 
considered accurate to within ±5 to ± 1')% of the true values at moderate tem
peratures and ± 15% at low and high temperatures. The thermal conductivity 
at temperatures near and below the corresponding temperature, T m , of the 
conductivity maximum is hL;hly sensitive to small physical and chemical vari
ations among different specimens, and the recommended values below 150 K 
are applicable only to niobium having residual electrical resistivity Po = 0.0679 J,J.n cm. 
Values at temperatures below about 1. j T mare c3.lculated to fit experimental 
data by using equation (7) and using the constants m, n, and Ct." given for niobium 
in Table 1 and the parameter f3 == 2.78. 

2 3 4 5 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-t K-1] 

SOLID 

T k T k 

0 0 350 0.544 
1 0.360 373.2 0.548 
2 0.718 400 0.552 
:3 1. 07 473. 2 0.563 
4 1. 42 500 0.567 .... 
5 1. 75 573.2 0.578 ::t 

m 
6 2.06 600 0.582 ~ 

7 2.34 673.2 0.594 ~ 
8 2.58 700 0.598 » 
9 2.78 773.2 0.609 

r-

n 
10 2.94 800 0.613 0 
11 3.05 873.2 0.625 Z 
12 3.11 900 0.629 C 

13 3.14 973.2 0.640 C 
n 

14 3.12 1000 0.644 .... 
15 3.08 1073.2 0.656 < 
16 3.01 1100 0.659 =i 
18 2.81 1173.2 0.671 -< 
20 2.49 1200 0.675 0 
25 1. 82 1273.2 0.686 "'" .... 
30 1. 39 1300 0.690 ::t 
35 1. 12 1373.2 0.701 m 

40 0.953 1400 0.705 m 
r-

45 0.838 1473.2 0.717 m 
50 0.758 1500 0.721 ~ 

m 
60 0.661 1573.2 0.732 Z 
70 0.612 1600 0.736 .... 

'" 80 0.584 1673.2 0.747 
90 0.566 1700 0.751 

100 0.552 1773.2 0.761 

123.2 0.537 1800 0.765 
150 0.530 1873.2 0.775 
173.2 0.527 1900 0.778 
200 O. 526 1973.2 0.787 
223.2 0.527 2000 0.791 

250 0.530 2073.2 0.801 
273.2 0.533 2173.2 0.812 
298.2 0.537 2200 0.815 
300 0.537 
323.2 0.540 

w .... 
...a. 
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TEMPERATURE. K 

REMARKS 

The V[I lues recommended hcre for the solid must be regarded as tcntative below 12 K 
as thc experimental evidence was insufficicnt to determine if a maximum in conductivity 
occurred below or above 4 K. From 12 to 25 K an uncertainty of 10% appears probable. 
The liquid values should be accurate to a few percent below 120 K, the uncertainty then 
increasing to 5% at 125 K and higher ncar the critical point. For the vapor, a similar 
increase occurs from a few percent below 90 K to 10% at 100 K, etc. The gas values 
should be accurate to 2% below 350 K, 5% from 350 to 1200 K, and 10% at higher tem
peratures. 

RECOMMENDED VALUES 

[Temp~rature. T, K; Thermal Conductivity, k, W cm-1 K-t] 

SOLID SA TURATED LIQUID SATURATED VAPOR 

T k x 103 T k X 103 T k X 103 

4 !:is 

5 45 60 0.056* 

6 37 65 0.061 * 

7 30 63 1. 64 70 0.066>:' 

8 25 65 1. 60 75 O. 071'~ 

9 20 70 1. 51 80 O. 077"~ 

10 17 75 1. 413 85 0.084 >:' 

11 14 80 1. 322 90 0.091 * 

12 12 85 1. 231 95 O. 100"~ 

13 10 90 1. 142 100 O. 111 * 

14 9.2 95 1. 053 105 0.123 * 
15 7. S 100 0.966 110 0.138 * 
16 6.5 105 0.880 115 0.160 * 

17 5.6 110 0.795 120 0.195 * 
18 4.9 115 0.710 125 0.265 * 
19 4.5 120 0.628 126 0.37*t 

20 4.0 125 0.520 * 
21 3.8 126 0.37 *t 
22 3.6 
23 3.5 
24 3.3 

25 3.2 

>:' Estimated or extrapolated . 
.l- ~-f -;.: '~"'~_l .... :: 'I 

Ci) -... » 

X 
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~ 
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THERMAL CONDUCTIVITY OF NITROGE~ (continued) 

RECOMMENDED VALUES 

GAS 
(At 1 atm) 

T k x 103 T k x 103 T k x ]03 

450 0.3564 850 0.564 
460 0.:H26 860 0.569 

78 0.0745 470 0.3688 870 0.574 
80 0.0762 480 O. 3~49 880 0.578 
90 0.0852 490 0.3808 890 0.583 

100 0.0941 500 0.3864 900 0.587 
110 O. 1030 510 0.392 910 0.592 
120 0.1119 520 0.398 920 0.596 -4 

130 O. 1208 530 0.403 930 0.600 :c 
m 

140 O. 1296 540 0.408 940 0.605 ::Ia 

150 0.1385 550 0.4:4 950 0.609 
~ 
l> 

160 0.1174 560 0.420 960 0.613 r-

170 O. 1562 570 0.425 970 0.618 n 
180 O. 1651 580 0.431 980 0.622 0 
190 0.1739 590 0.4:16 990 0.626 Z 

C 
200 O. 1826 (-i00 O. 4~1 1000 0.631 C 
210 O. 1908 610 0.4':6 1050 0.651 n 
220 O. 1989 620 0.452 1100 0.672 -4 

230 0.2067 630 0.4f,7 1150 0.693 < 
240 0.2145 640 0.462 1200 0.71:3 :; 

-< 
250 0.2222 650 0.467 1250 O. 733 0 
260 0.2298 660 0.472 1300 O. 754 "" 270 0.2374 670 0.478 1350 0.775 -4 
280 0.2449 680 0.483 1400 0.797 :::r: 
290 0.2524 690 0.488 1450 0.819 m 

300 O. 2598 700 0.493 1500 0.842 
m 
r-

310 0.2G71 710 0.498 1550 0.867 * m 
~ 

320 0.2741 720 0.503 1600 0.893 ':' m 
330 0.2808 730 0.508 1650 0.921 * Z 
340 0.2874 740 0.513 1700 0.950 * -4 

U\ 
\".. 

-a 350 0.2939 750 0.517 1750 0.981>(' 
~ 360 0.3002 760 0.522 1800 1. 013 * 
~ 370 0.3065 770 O.52!) 1850 1. 046 >:' 
n 380 0.3127 780 O. 5~1 1900 1. 080 >~ 
~ 

" 390 0.3189 790 O. 5~6 1950 1. 11:3 * ? 
:u 400 O. :j252 SOO 0.5.11 2000 1. 146 >:' 

~ 410 0.3314 810 0.5';6 2100 1. 207~' 
c 420 0.3376 820 0.551 2200 1. 263 * Q 

! 430 0.3438 830 O. 5~\5 2300 1. 314 ':' 

< 440 0.3501 840 0.559 2400 1. 361 * 
0 
;- 2500 1. 406 >:: 
~ 
Z 
P ..., . >:' Estimated or extrapolated. Cot) ..... 
-0 Cot) 
....... ..., 
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THERMAL CONDUCTIV1TY OF OSMIUM 
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~ 4 56 8 102 

TEMPERATURE, K 

234568103 

The recommendEd values are for well-annealed hig':l-purity polycrystalline osmium arid 
are considered accurate to within ± 10% of the true "talues at temperatures below :WO K, 
± 5% from :wo to 500 K, and ± 1070 above 500 K. The thermal conductivity at tempera
tures near and below the corresponding temperatur~, T m' of the conductivity maximum 
is highly sensitive to small physical and chemical variations among different specimens, 
and the conductivity values below 150 K for kif, k l' and kpolY.: are applicable only to 
osmium having residual electrical resistivities of 0.0167, 0.0278, and 0.0234 /.to em. 
respectively. Values at temperatures below about 1. 5 T m are I~alculated to fit experi
mental data by using equati01 (7) and using the comtants m, n, and a" given in Table 1 
and the parameter {3=0. 682, 1.137, and 0.957, respectively, for kll' kl' and ,),oly' 

3 4 5 

T 

0 
1 
2 
:{ 

4 

5 
6 
7 

10 
11 
12 
13 
14 

15 
16 
18 
20 
25 

30 
35 
.;0 
45 
50 

60 
70 
80 
gO 

100 

123.2 
150 
173.2 
200 
223.2 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cnet K-t] 

SOLID 

1/ to .L to poly- poly-
c-axis c-axis crystalline crystalline 

k k k T k 

0 0 0 250 0.886* 
1. 47* 0.88* 1. 05* 273.2 0.880* 
2.93 1. 76 2.09 2S8.2 0.876* 
4.40 2.64 3.14 300 O. 876~' 
5.86 3.52 4. 18 323.2 0.874 

7.32 4.39 5.22 350 0.870 
8.77 5.27 6.26 373.2 0.870 

10.2 6. 13 7.28 400 0.869 
11. 6 6.99 8.29 473.2 0.869 
1:3.0 7.83 9.29 500 0.869 

14.3 8.65 10.2 573.2 0.869* 
15.6 9.44 11.2 600 0.869* 
16.8 10.2 12.1 673.2 0.869* 
17.9 10.9 12.9 700 0.869* 
18.9 1l.6 13.7 773.2 0.869* 

19.7 12.2 14.3 800 0.869* 
W.4 12.7 14.9 873.2 0.869* 
n.3 13.4 15.7 900 0.869* 
H.S 13.8 16.0 973.2 0.869* 
19.4 13.2 15.0 1000 0.869* 

15.4 11. 1 12.4 1073.2 0.869* 
9.17 1100 0.869* 
6.38 1173.2 0.869* 
4. 58 1200 0.869* 
3.42 1273.2 0.869* 

2.18 1300 0.869* 
1. 65 1373.2 0.869* 
1. 39 1400 0.869* 
1. 24 1473.2 0.869* 
1.14 1500 0.869* 

1. 02 1573.2 0.869* 
0.962-:< 1600 0.869* 
0.932* 1673.2 0.869* 
0.908* 
0.896* 

* Extrapolated or interpolated. 
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TEMPERATURE, K 

2 3 4 5 6 8 103 2 

The liquid values recommended here should be accurate to within 2% below 150 K and 
within 15% at the critical pcint. The "apor uncerminties are assessed as being a few 
percent below 100 K, increasing to about 10'70 at 12:) K, etc. The gas values are con
sidered to be well within a few percent belm\' 600 K, 4% from 600 to 900 K, and probably 
within 6% at the higher temperatures. 

-
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3 4 5 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1] 

SA TURATED LIQUID 

T k x 103 

55 1. 90 
60 1. 85 
65 1. 80 
70 1. 74 

75 1. 682 
80 1. 623 
85 1. 563 
90 1. 501 
95 1. 437 

100 1. 372 
105 1. 306 
110 1. 237 
115 1. 168 
120 1. 096 

125 1. 023 
130 0.949 
]35 0.873 
140 O. 796 
145 0.712 

150 0.610 
155 0.41*t 

* Estimated or extrapolated . 
t Pseudo-critical value. 

SATURATED VAPOR 

T k X 103 

90 0.081':' 
95 O. OB7~' 

100 O. 093~' 
105 0.100 * 
110 0.108':' 
115 O. 116~' 
120 0.124* 

125 0.135* 
130 0.15* 
135 O. 16~' 
140 0.18* 
145 0.21 ':' 

150 0.25* 
1fi5 0.41 *t 
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" ? THERMAL CONDUCTIVITY OF OXYGEN (continued) 
:10 

~ 
1:7 RECOMMENDED VALUES Q a , GAS < 
~ (At 1 atm) 

-- T k X 103 T k x 103 kx 103 T kxl03 z T 
~ 

~ 90 0.0813 

..0 100 0.0905 450 0.377 800 0.603 1150 0.796 ...., ..., 110 0.0998 460 0.384 810 0.609 1160 0.801 
120 0.1092 470 0.391 820 0.615 1170 0.806 
130 0.1187 480 0.398 830 0.620 1180 O. 811 
140 0.1281 490 0.405 840 0.626 1190 0.816 

150 0.1376 500 0.412 850 0.632 1200 0.821 
160 0.1466 510 0.419 860 0.638 1210 0.826 
170 0.1556 520 0.426 870 0.644 1220 0.831 :I: 

180 0.1646 530 0.433 880 0.650 1230 0.836 0 

190 0.1735 540 0.440 890 0.655 1240 0.841 "'U 

200 0.1824 550 0.447 900 0.661 1250 0.846 
0 

210 0.1911 560 0.453 910 0.667 1260 . O. 851 ~ 
m 

220 O. 1997 570 0.460 920 0.672 1270 0.856 r-

230 0.2083 580 0.467 930 0.678 1280 0.861 ~ 

240 0.2168 590 0.474 940 0.684 1290 0.866 » 
250 0.2254 600 0.480 950 0.689 1300 0.871 

Z 
C 

260 0.2339 610 0.487 960 0.695 1310 0.876 
270 0.2424 620 0.493 970 0.701 1320 0.881 !:: 

r-
280 0.2509 630 0.500 980 0.706 1330 0.886 m 
290 0.2592 640 0.506 990 0.712 1340 0.891 -< 

300 0.2674 650 0.513 1000 0.717 1350 0.896 
310 0.2753 660 0.519 1010 0.723 1360 0.901 
320 0.2831 670 0.525 1020 0.728 1370 0.906 
330 0.2907 680 0.532 1030 0.734 1380 0.911 
340 0:2982 690 0.538 1040 0.739 1390 0.916 

350 0.3056 700 0.544 1050 0.745 1400 0.921 
360 0.3130 710 O. 550 1060 0.750 1410 0.926 
370 0.3204 720 0.556 1070 0.755 1420 0.931 
380 0.3276 730 0.562 1080 0.760 1430 0.936 
390 0.3348 740 0.568 1090 0.765 1440 0.941 

400 0.342 750 0.574 1100 0.771 1450 0.946 
410 0.349 760 0.579 1110 0.776 1460 0.951 
420 0.356 770 0.585 1120 0.781 1470 0.956 
430 0.363 780 0.591 1130 0.786 1480 0.960 
440 0.370 790 0.597 1140 0.791 1490 0.965 

1500 0.970 
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THERMA:LC6NDtJCTIV£':rY OF PALLADIUM 
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TEMPERATURE, K 

REMARKS 

The recommended values are for well-annealed high-purity palladium and are 
considered accurate to withh± 5% of the true values at temperatures from room 
temperature to atout 1000 Kand ±10%belowroom temperature and aQove 1000 K. 
The thermal' condllctivity at. temperatures near and ,below' the Jorresponding 
temperature, T m, of the conductivitymaicimum is highly sensitive to small 
physical and chemical variations antongdifferent SPecImens, and the recommended 
values below 150 K are applicable only to , palladium having residual electrical 
resistivity'po = O. 0123 J.Af~cm. , Values at temperatures below about 1. 5 Tm 
are calculated to fit experimental data by using eqt:ation (7) and using the constants 
m, n,' and (ttl given for palladium in Table 1 and the parameter (j ,= 0.502. 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm -1 K-1) 

SOLID 

T k T k 

0 0 250 0.715* 
1 1.99* 273.2 0.716* 
2 3. 96~' 298.2 0.718 
3 5.86 300 0.718 
4 7.61 32;~.2 0.721 

5 9.13 350 0.726 
6 10.3 373.2 0.730 
7 11.1 400 0.736 
8 11~6 473.2 0~755 
9 11. 7 500 0.763 

10 11.5 573.2 0.787 
11 11.2 600 0.797 
12 10.7 673.2 0.823 
13 10.1 700 0.833 
14 9.49 773.2 0.860 

15 8.88 800 0.869 
16 8.28 873.2 0.896 
18, 7.08 900 0.906 
20 5.98 973.2 0.932 
25 4.04 1000 0.942 

30 2.85 1073.2 0.971 
35 2.15 1100 0.981 
40 1.73 1173.2 1.01 
45 1.44 1200 1.02 
50 1.24 1273.2 1.04 

60 0.983 1300 1.05 
70 0.868 1373.2 1.07 
80 0.811 1400 1.07 
90 0.783 1473.2 1. 09 

100 0~765 1500 1.10 

123.2 0.742 1573.2 1.11 
150 0.727 1600 1.12 
173.2 0.720'* 1673.2 1.13 
200 0.716'* 1700 1.14 
223. ~ 0.715* 1773.2 1.15* 

1800 1.15* 

* Extrapolated or interpolated. 
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111.111 I 317.3KII ~:JOOK.I 

3 4 56 8 10 2 3 4 5 6 8 1 02 2 3 4 5 6 8·1 03 

TEMPERATURE, K---

HEMARKS 

Thc values for white phosphorus are recommended values for high-purity white 
phosphorus and are considered accurate to within ± 10% of thc true values at 
temperatures around the melting point. The values :'or polycrystalline black 
phosphorus are merely typical values and represent a typical curve serving to 
indicate the general trend of the thermal conductivity of black phosphorus at 
moderate and low temperatures. 

3 4 5 

RECOMMENDED VALUES t 

(TEmperature. T, K; Thermal Conductivity. k, W cm-t K-t] 

Black, polycrystalline 

T k 

0 0 
1 0.0000796* 
2 0.000645* 
3 0.00220 
4 0.00511 

5 0.00998 
6 0.0167 
7 0.0255 
8 0.0367 
9 0.0497 

10 0.0653 
11 0.0822 
12 0.101 
13 0.122 
14 0.144 

15 0.165 
16 0.187 
18 0.230 
20 0.272 
25 0.357 

30 0.401 
35 0.425 
40 0.435 
45 0.434 
50 0.427 

60 0.402 
70 0.377 
80 0.352 
90 0.328 

100 0.307 

123.2 0.266 
150 0.227 
173.2 0.201 
200 0.177 
223.2 0.160 

250 0.144 
273.2 0.132 
298.2 0.121 
300 0.121 

* Extrapolated. 

SOLID 

T 

200 
223.2 
250 
273.2 
298.2 

300 
317.3 

White 

k 

0.00308* 
O. 00287~~ 
0.00265* 
0.00250* 
0.00236* 

0.00235 
0.00226* 

LIQUID 

White 

T 

317.3 
323.2 
350 
373.2 
400 

473.2 
500 
573.2 
600 

k 

0.00187 
0.00187 
0.00183* 
0.00181* 
0.00178* 

0.00170* 
0.00167* 
O. 00160~~ 
0.00157* 

t Values for polycryst'l1line black phosphorus are merely typical values and 
those for white phosphorus below 27:J K and above 400 K are provisional. 
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REMARKS 

The recommended values are for well-annealed high-purity platinum and are 
considered accurate to within ±3% of the true values ncar room temperature, 
±fi% at about 100 K and 1200 K,and ±10% below 100 Kand at 2000 K. The 
thermal conductivity at temperatures near and below the corresponding tem
perature, T m , of the conductivity maximum is highly sensitive to small physical 
and chemical variations among different specimens, and the recommended values 
below 200 K are applicable only to platinum having residual electrical resis- . 
tivity Po = O. 0106 ~ cm. Values at temperat'lres below about 1. 5 'f m are 
calculated to fit experimental data 'ely using equation (7) and using n = 2.10, 
(x' = 0.000301, and the parameter p =0.433. 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K",11 

SOLID 

T k T k 

0 0 350 0.717 
1 2.31 373.2 0.717 
2 4.60 400 0.718 
3 6.79 473.2 0.722 
4 8.8 500 0.723 

5 10.5 573.2 0.729 
-I 6 11.8 600 0.732 :I 

7 12.6 673.2 0.740 m 
8 12.9 700 0.743 ::113. 

9 12.8 773.2 0.752 ~ 
» 

10 12.3 800 O. 7~6 .... 
11 11. 7 873.2 0.767 n 
12 10.9 900 0.771 0 
13 10.1 973.2 0.783 Z 
14 9.30 1000 0.787 0 

C 
15 8.41 1073.2 0.800 n 
16 7.59 1100 0.806 -I 

18 6.12 ' 1173.2 0.820 <: 
20 4.95 1200 0.826 :t 
25 3.13 .1273.2 0.842 -< 
30 2.15 1300 0.848 0 .... 
35 1. 68 1373.2 0.863 

-I 40 1. 39 1400 0.871 :x: 
45 1. 22 1473.2 0.889 m 
50 1. 09 1500 0.895 m 
60 0.947 1573.2 0.913 

.... 
m 

70 0.862. 1600 0.919 ~ 
80 0.815 1673.2 0.936 m 
90 0.789 1700 0.942 Z 

-I 
100 0.775 1773.2 0.957 "*' 
123.2 0.755 1800 0.961 
150 0.746 1873.2 0.974 
173;2 0.732 1900 0.978 
200 0.726 1973.2 0.990 
223.2 0.721 2000 O. 994~' 

250 0.718 2045 1. 004* 
273.2 0.717 
298.2 0.716 
300 0.716 
323.2 0.716 

* Extrapolated~ 
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REMARKS 

The provisional values are for wEll-annealed high-purity polycrystalline plutonium. 
The uncertainty of the values is of the order of ± 25%. 

PROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W em -1 K-t ] 

SOLID 

Polyerystalline 

T k 

80 0.0306 
90 0.0318 

100 0.0332 
123.2 0.0361 
150 0.0399 

173.2 0.0432 
200 0.0476 
223.2 0.0516 
250 0.0568 
273.2 0.0616 

298.2 0.0670 
300 0.0674 
323.2 0.0726 
350 0.0790 
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TEMPERATlffiE, K 

T;1C recommended valllcs arc for high-purit)· potassium and are considered accurate 
to within +- 1 0<;/0 of the true values for the sol:d state . .0. :i'70 for the liquid state below 
lUOO 1<. and ±10% from 1000 to 1500 K. The lUlccrtainty increases at higher temper
aturcs. The thermal conductivity at temperatures near and below the corresponding 
temperature, T m , of the conduc:ivity maximum is high.y sensitive to small physknl 
and chemical variations nmong" different specimens, and the recommended values 
below 50 K are applicable only to potassium having residual electrical resistivity 
Po = 0.00220,.,.0, cm. Values at temperatures below about 1.5 TIll are calculated to 
fit experimental data by using equation (7) and using the constants m. n, and el' 
given for potassium in Table 1 and the parameter {3 == 0,0820. 

RECOMMENDED VALUES t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1] 

SOLID 

T k T k T 

0 0 (i0 1. 10 336.8 
1 11. 9':' 70 1.09 350 
2 20.4':' 80 1.08 37:~. 2 
3 22.1 90 1.075 400 
1 19.1 100 1. 070':' 473.2 

5 11.4 123.2 1.058':' 500 
6 10.8 150 1. 050':' 573.2 
7 8.33 173.2 1. 046~' 600 
8 6.62 200 1. 043':' 673.2 
9 5.42 223.2 1. 042':' 700 

10 4.58 250 ].040':' 773.2 

11 3.97 273.2 1. 036':' 800 

12 3.47 298.2 1. 025 873.2 
1;~ 3.06 300 1. 024 900 

14 2.74 323.2 1. 003 973.2 

15 2.48 336.8 Q.985 1000 
16 2.26 1073.2 

18 1. 91 1100 

20 1. 67 1173.2 

25 1. 33 1200 

30 1. 23 1273.2 

35 L 18 1300 

40 1. 15 1373.2 

45 1. 13 1400 

50 1.12 1473.2 

~, Extrapolated, interpolate:!, or estimated. 
t V~lues above 1500 K are provisional. 

LIQUID 

k T 

0.548 1500 
0.542 1573.2 
0.532 1600 
0.520 1673.2 
0.490 1700 

0.479 1773.2 
0.449 1800 
0.439 1873.2 
0.413 1900 
0.404 1973.2 

O. :~80 2000 
0.371 2073.'2 
0.348 2100 
0.340 2173.2 
0.320 2200 

0.313 2273.2 
0.294 2300 
0.287 2373.2 
0.269 2400 
0.263 2423.2 

O. 245 GT= 2450 
0.239 
0.222 
0.215 
0.199 

k 

0.192>:' 
0.176':' 
O. 170'~ 
O. 155~' 
0.149':' 

0.134':' 
O. 128~' 
0.113* 
O. 108'~ 
0.0932'" 

0.0880'" 
O. 0737'~ 
0.0680':' 
0.0541 
O. 0490~' 

O. 0346'~ 
O. 0290)~ 
0.0151* 
0.0100* 
0.0053* 

0.00081" 
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TEMPERATURE, K 

REMARKS 

The recommended values arc for well-annealed high-purity polyerystalline 
praseodymium and are thought to be accurate to within ± 5% of the true valucs 
near room temperature and ±1? to ±15% at other temperatures. 

2 3 4 5 

RECOMMENDED VALUES 

[Tempere.ture, T, K; Thermal Conductivity. k. W em -1 K-11 

* Extrapolated. 

SOLID 

Polycrystalline 

T k 

80 O. 0692'~ 
90 0.0732 

100 0.0769 
123.2 0.0844 
150 0.0926 

173.2 0.0987 
200 O. 105 
223.2 0.110 
250 0.116 
273.2 0.120 

298.2 0.125 
300 0.125 
323.2 0.128 
350 0.131 
373.2 0.134 

400 0.136* 
473.2 0.144'~ 

500 0.147* 
573.2 O. 1541~ 
600 O. 157'~ 

673.2 O. 166'~ 
700 O. 169~c 
773.2 0.180* 
800 0.184* 
873.2 0.195:1,c 

900 0.200* 
973.2 0.212* 

1000 O. 216'~ 
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TEMPERATURE, K 

The pro\'isional values arc for high-pul'it,\' Pl'OllBthiul11 and those for solid nron1pthillnl 

stalline sanlples. The." arc pl'ohahh- accurate to \\'i.~hin ± 25% for 
pTomethiull1. 

;:,:' 

PROVISIONAL VALUES 

[Tempe:"ature, T, K; Thermal Conductivity, k. W cm-1 K-1] 

SOLID LIQUID 

Polycrystalline 

T k T k 

300 0.179';: 1353 0.1751" 
;~2:1. 2 0.181';: 1373.2 O. 177'~ 
3.')0 0.182';: 1400 0.178"" 
373.2 0.184';: 14n.2 0.182"'< 
400 0.184';' 1500 O. 184* 

473.2 0.185';: 1573.2 O. 188~: 

500 0.185';' 1600 O. ]90* 
573.2 0.186':: 1673.2 0.194':< 
600 0.187';: 1700 O. 196~: 

673.2 O. 190~: 1773.2 0.200* 

71)0 O. 191~' 1800 0.202>:: 
77:1.2 0.194';' 1873.2 0.206';: 
81)0 0.195';: 1900 0.208';' 
tj7:L 2 O. 198'~ 197:1.2 0.212';' 
900 0.201':: 2000 0.214':' 

97:1.2 0.205* 2073.2 0.212* 
10')0 0.207':' 2173.2 0.225';' 
](17;1. 2 0.21:3';' 2200 0.226* 
11')0 0.215':' 2253 O. 229'~ 
117:3.2 0.221':' 

1135 0.222':' 
1135 O. 213'~ 
12')0 0.214':' 
127:1.2 0.220':' 
13')0 0,223':: 

13:J:3 0.230':: 

Estimated. 
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THERMAL CONDUCTIVlTY OF RADIUM 
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TEMPERATURE, K 

This thermal conductivity value is provisional and its uncertainty may be as much as ± 50%. 

PROVISIONAL VALUES 

~ 
Q) 
~ 

[Temperature, T, K; Thermal Conductivity, k, W em -1 K-tJ 

T 

293.2 

SOLID 
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REMARKS 

Values for the liquid and vap:w were based on a geleralized cJrrelation together with 
estimated critical parameters and are thus considered tentathre. The gas values, while 
likewise lacking experimental corroboration, coulC possibly be accurate to within 5% 
below 500 K and IOU/a at highEr temperatures. 

PROVISIONAL VALUES 

[Temperature, T. K; Thermal ConductivitJ. k. W cm-1 K-1) 

SA TURAT ED LIQU:D SATURATED VAPOR GAS (At 1 atm) 

T k X 103 T k X 103 T k x 103 

211 0.0256 ':' 
220 0.0266 ':' 
230 0.0279 ':' 
240 0.0291 ':' 

202 (J.604':< 250 0.0303 ':' 
210 C. 586'~ 211 0.026 * 260 0.0315 ':' 
220 (J. 562 ':' 220 0.028 ':' 270 0.0327 ':' 
230 C. 540'!< 230 0.030 ':' 280 O. 0339 ~, 
240 C. 518 'l< 240 0.032 * 290 O. 0351 ~, 

250 (J. 498 >:' 250 0.034 * 300 O. 0364~' 
260 0.477'1< 260 0.035 * 310 O. 0376~' 
270 (]. 456'~ 270 0.038 >:< 320 O. 0387 ,~ 

280 (].437,;e 280 0.040 * 330 0.0398 * 
290 (J.417>;' 290 0.042,;e 340 0.0410 ':' 

300 (]. 396 ':' 300 0.045 * 350 O. 0422 ~, 

310 (].375';' 310 0.047 * 360 0.0433 ';c 

320 0.353 >:< 320 0.051 * 370 0.0445 ':' 
330 (J. 330 ':' 330 O. 055'~ 380 0.0457 ':< 

340 (J. 305 ':' 340 O. 060 ~, 390 0.0468 ':< 

350 0.278 ':' 350 0.065 ",< 400 0.0480 ':' 
360 0.249 ",< 360 0.073 * 410 0.0490 * 
370 0.213 t.< 370 0.089 * 420 0.0501 * 
377 (J. 138 ':' t 377 0.138 *t 430 O. 0512 ~, 

440 0.0523 * 
450 0.0534 ':' 
460 0.0544 * 
470 0.0555 ':' 
480 0.0566 * 
490 O. 0576 ~, 

500 O. 0586 ~~ 
550 O. 0643 ~~ 
600 O. 0690 ~, 
650 O. 0740 ~, 

700 O. 0789 ~, 

750 0.0832 ':' 
800 0.0874 ':' 
850 0.0915 * 
900 O. 0964 ~, 
950 0.0997 * 

1000 0.1042 * 
* Estimated or extrapolated. 
t Pseudo-critical value. 
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TEMPERATURE, K 

REMARKS 

The recommended values are for well-anneded high-purity polycrystalline rhenium 
and are considered accurate to within :.1.10% of the true values at temperatures below 
100 K, ±5% from 100 to 500 K, and ±15% above 500 K. The thermal conductivity at 
temperatures near and below the corresponcing temperature, T m , of the con:luctivity 
maximum is highly sensitive to small physical and chemical variations among dif
ferent specimens, and the recommended values below ]00 K are applicable only to 
rhenium having residual electrical resistivity A1 == 0.01):366 pO cm. 
Values at temperatures below about 1.5 Tm arc calculrted to fit experimcnt:1l (Jnta 
by using equation (10) and using the values n==2. 2, a==O. 0000648, (3==0.150, a.nd 
Y== O. 000282. However, for specimens of lover purity ihigher Po)' equation (7) and 
the constarls given 10 Tahle 1 should he usc,t 

>:' 

(,,) 
C)) 
0) 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal COI1(lnctivity, k, W cm--1 K·-l] 

SOLID 

Polycrystalline 

'1' k T k 

0 0 35C 0.470 
1 G. (i5':' ;~7~. 2 0.466 
2 1:~. 2':' 40C 0.461 
oJ 1D.4 47;:.2 0.451 
4 25.0 SOC 0.449 

5 2D. 7 b7~. 2 0.444':' 
6 33.3 60e 0.442* 
7 35. G 67:t 2 0.441':' 

8 36.6 70C 0.440':' 
!) ;W. (i 77::.2 O. 440~' 

10 35. G SOC O. 441~' 
11 34.0 Sn.2 0.4421,< ::t: 
12 31. 7 90C 0.44:1':' 0 

13 28. 9 !)7:3.2 O. 445~' ." 
14 26. 0 100e O.44W:' 0 

15 23. 1 107~. 2 0.450>:' ~ 
16 20. :3 110C O. 451~' 

m 
r-

18 15.4 117:3.2 0.455':' ~ 

20 11. G 120C 0.457':' » 
25 G.02 127:1. 2 0.462':' Z 
:w :3. :3D 130C O.4G4':' 

a 
:15 2. H) 1:J7~. 2 0.469* !: 
40 1.5Ci l40C 0.471 >:' 

r-
m 

45 1. 21 147:3. 2 O.47G>:' -< 
50 O. 986 150C 0.478>:' 

60 0.774 1573.2 0.48:3 
70 0.678 1GOC 0.485 
80 0.629 IG7:l. 2 0.490 

90 0.606 170(] 0.492 

100 O. 58B 1773.2 0.498 

123.2 0.561 180(] 0.500 
150 O. 5:~8 1873.2 O. 507 
173.2 0.524 190·(] 0.50n 
200 0.510 1973.2 0.516 
223.2 O. 501 2000 0.519 

250 0.4f.l2 207:l. 2 0.52!) 
27:3.2 0.486 217:l.2 0.536 
298.2 0.480 2200 0.5:3!:) 

300 0.479 2273.2 0.547 
32:3.2 0.475 2400 O. 563 

2473.2 0.573 
Extrapolated or interpolated. 2600 0.592 
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THERMAL CONDUCTIVITY OF RHODIUM 
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The recommendec: vRIlies ~ re for well-annealed high-purity rtodium and are 
considered accurnte to within :::.')% of the true valuEs at modemte temperatures 
and ·f:l0% at low and high tenperatures. The thernal conductivity at temper
atures near and below the coc-responding temperature, Tm, of the conductivity 
maximum is highly sensitive to small physical and chemical variations among 
different specimens, and the recommended values Jelow 150 K are applicable 

to rhodium having residual electrical resistivity Po ~ O. (0840 J.LO cm. 
3S at temperatures below about 1. 5 Tm are cttlculated to fit experimental 

data by using equ::ltion (7) and using the constants J1l. n. and cit given for rhodium 
in T nble 1 and the pn rameter a - 0.344. 

2 345 

RECOMMENDED VALUES 

[Temperature, T. K; Thermal Conductivity, k, W cm-t K-t] 

SOLID 

T k T k 

0 0 250 1.52 
1 2.91':' 273.2 1.51 
2 5.81 298.2 1.50 
3 8.69 300 1.50 
4 11.6 :123.2 1. 49 

5 14.5 350 1.48 
6 17.3 373.2 1.47 
7 20.1 400 1.46 
8 22.8 473.2 1.42 
9 25.4 500 1. 41 

IO 27.8 573.2 1.37 
11 29.9 600 1.36':' 
12 32.1 673.2 1.32':' 
13 33.8 700 1.31 ~, 
14 35.3 773.2 1. 28~' 

15 36.3 800 1. 27~' 
16 37.0 873.2 1.25':' 
18 37.3 900 1.24':' 
20 36.4 973.2 1.21':' 
25 30.5 1000 1. 21':' 

30 21. 6 1073.2 1.19':' 
35 14.5 1100 1.18':' 
40 10.2 1173.2 1.17~' 

45 7.47 1200 1.16;~ 

50 5.70 1273.2 1. 15':' 

60 3.78 1300 1. 14':' 
70 2.89 1373.2 1.13':' 
80 2.38 1400 1.12':' 
90 2.06 1473.2 1.1F 

]00 1. 86 1500 1.10 

]23.2 1. 63 1573.2 1.10 
150 1. 58 1600 1.10 
]73.2 1. 56 1673.2 1.10 
200 1. 54 1700 1.10 
~23.2 1. 53 1773.2 1.10 

1800 1.10 
1873.2 1.11 
1900 1.11 
1973.2 1.12 
2000 1.12 

,~ Extr~.p()lated or interpolated. 
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THERMAL CONDUCTIVITY OF RUBIDIUM 
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TEMPER,<\TURE, K 

HEl\fAHKS 

The recommended values are for high-purity rubidium and are considered accurate 
to within ± 10% of the true values at temperatures below 1000 K. The uncertainty 
increases at higher temperatures. The thermal conductivity at temperatures 
ncar and below the corresponding temperature, Tm. of the conductivity maximum 
is highly sensitive to small physical and chemical variations among different 
specimens, and the recommended valaes below 40 K are applicable only to rubidium 
havil1g residual electrical resistivity Po - 0.0:184 IJD. em. Values at temperatures 
bCJUN about 1.!j Tm are cnlculated to fit experimental data by using equation (7) 
and 'lsi ng 11 -" 2.00, (1' = (}. (}(H)30, and the parameter $ :=: 1.50. 

2 3 4 5 

RECOMMENDED VALUES t 

(Temperature, T, K; Thermal Conductivity, k,.W cm-1 K-1
] 

SOLID LIQUID 

T k T 

0 312.04 
0.663* 323.2 

2 1.27 :350 
:3 1.71 373.2 
4 1. 91 400 

1. 88 473.2 
() 1.7:3 500 
7 1. 56 573.2 
8 1. 38 600 
9 1. 22 673.2 

10 1. 09 700 
11 0.991 773.2 
12 O. 919 800 
13 0.859 873.2 
14 0.810 900 

15 0.772 97:L 2 
16 0.746 1000 
18 0.710 1073.2 
20 0.685 1100 
25 0.657 11n.2 

:W 0.647 1200 
35 0.640 127:3.2 
40 0.635 1300 
45 0.630 1373.2 
50 0.627 1400 

60 0.620 1473.2 
70 0.615 1500 
80 0.611>:' 1573.2 
90 0.607>:' 1600 

100 0.603* 1(;73.2 

123.2 0.599* 1700 
150 0.594* 1773.2 
173.2 0.592>:< 1800 
200 0.589* 1873.2 
223.2 O. 587~~ 1900 

250 0.586':' 1973.2 
273.2 O. 583'~ 2000 
298.2 0.582 2073.2 
300 0.582 
312.04 0.581 

,~ Extrapolated, interpolated, or estimated. 
t Values above 1300 K are provisional. 

k 

0.333 
0.331 
0.325 
0.321 
0.318 

0.306 
0.302 
0.289 
0.285 
0.273 

0.268 
0.256 
0.251 
0.239 
0.234 

0.222 
0.218 
0.205 
0.201 
0.188 

0.184 
0.172 
0.167 
0.155';' 
0.150':' 

0.137':' 
0.132';' 
0.118';' 
0.113';' 
0.098P 

0.0933';' 
0.0787';' 
0.0730';' 
0.0580';' 
0.0516';' 

0.0339':' 
0.0272';' 
0.0079':' 

w 
eo 
eo 

::x: 
0 . 
"tI 
0 
~ 
m 
r-
r-
~ 

» 
Z 
c 
!:: 
r-
m 
-< 



~ 

"tI 
:r 
~ 
n 
:r 
III 

? 
:10 

~ 
o 
a 
,0 
< 
~ 

Z 
!l 
!" 

-0 .... ", 

THERMAL CONDUCTIVITY OF RUTHENIUM 
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1
-I--~ T. P. (Y-O) 1773 K 

H .•.... - I-I--T. P. ({3-y) 147:3 K 
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I I j I I I I 1 1 1 1 I 1 Ii 10-1 

1 3 4 5 r, 8 10 2 3 4 56 i:! 102 .1 4 5 () 8 103 3 4 !) 

TEMPERATURE, K 

HElVIAHKS 

The recommended values are for well-mmealecl hig'l-purity polyc rystalline 
ruthenium and are considered accurate to within ± 5% of the true values at 
temper:lturcS below 500 I< and ±150/0 at the highest temperatures. The thermal 
conductivity at temperatures near and below the corresponding temperature, 
T m , of the conductivity max,mum is highly sensitive to small physical and 
chcmical variations among different spU!imens, and the conductivity values 
below 250 K are applicable only to ruthenium having residual electrical re
sistivity Po = 0.01!1R j.tD. cm. Values attemperatut'cs below about 1.5 Till 
nre cnlculnted to fit experimental data by using equation (7) and using the con
stnnts m, n, and an p;iven for rutheniUlT il1'1'nblc 1 and the parameter {3--
n. (;,17. 

RECOMMENDED VALUES 

[T3mperature, T, K; Thermal Conductivity. k. W cm-1 K- 11 

SOLID 

Polycrystallinc 

T k T k 

0 0 350 1.15 
1 1.55':' 373.2 1.15 
2 3.09':' 400 1.14 
3 4. (;4 473.2 1.12 
4 6.18 500 1.11 

5 7.71 573.2 1. 08 
6 0.23 600 1. 08 
7 10.7 673.2 1. 06 
8 ] 2.2 700 1. 05 
9 13.6 773.2 1. 03 

10 15.0 800 i. 02 
11 Hi.3 873.2 1. 01 
12 17.5 900 O. H97 
13 18.7 973.2 0.082 
14 lB.7 1000 0.976 

15 20.5 1073.2 0.962 
III 21. 3 1100 0.957 
18 22.3 1173.2 0.944 
20 22. G 1200 0.939 
25 21. :J 1273.2 0.928 

30 17.8 1:{00 o. !J23 
35 13.3 1373.2 O.91a 
40 9.53 1400 0.909 
45 H.88 1'173.2 0.899 
50 5.10 1500 0.8D5 

GO 8.10 1573.2 0.885 
70 2.2G 1600 0.882 
80 1. SH ](l73.2 O. i17:3 
90 1. (i5 1700 0.870 

100 1. 54 1773.2 0.862 

123. ~ 1. 38 1800 0.859 
150 1. 28 1873.2 0.851 
173. ~ 1. 23 1900 0.848 
200 1. 18 1973.2 0.841 
223. ~ 1. 17 2000 0.838 

250 1.17 2073.2 o.s:n':' 
273. ~ 1. 17 2173.2 0.822':' 
298.2 1. 17 2200 0.820':' 
300 1. 17 2273.2 O. 81~{':' 
323.2 1. 1G 2400 0.803':' 

2473.2 0.798':' 
2500 O.79(j':' 

.' Extrapolated. 
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THERMAL CONDUCTrlITY OF SAMARIUM 
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TEMPERATURE. K 

The provisional values are for well-annealed high-purity :)Olycrystalline samarium 
and are thought Lo he accurate to within ±15'70of the true values near room temper
ature, ±20% at higher temperatures, and ± 2570 a: lower temperatures. Values 
below room tem,)erature are appUcable only to s~.marium having electrical resis
tivity Po = 6.73 ~ em at 4.2 K. 
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2 3 4 5 

PROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm -1 K-1] 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
J7 
18 
19 
20 

25 
30 
35 
1;0 
45 

50 
GO 
70 
80 
90 

* Extrapolc.ted. 

k 

0.0555 
0.0591 
0.0611 
0.0618 
0.0607 

0.0586 
0.0557 
0.0542 
0.0551 
0.0566 

0.0580 
0.0598 
0.0623 
0.0659 
0.0692 

0.0754 
0.0770 
0.0768 
0.0754 
0.0742 

0.0732 
0.0714 
0.0708 
0.0709 
0.0714 

SOLID 

Polycrystalline 

T k 

100 0.0735 
123.2 0.0820 
150 0.0924 
173.2 0.101 
200 0.113 

220 0.123 
223.2 0.124 
250 0.132 
273.2 0.133 
298.2 0.133 

300 O. 133 
323.2 0.133 
350 0.133 
373.2 O. 133 
400 O. 133 

473.2 O. 134* 
500 0.135':< 
573.2 O. 139'~ 
(j00 0.141>:' 
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THERMAL CONDUCTIVITY OF SCANDIUM 
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TEMPERATURE, K 

REMARKS 

The recommended values are for well-annealed high-purity p)lycrystalline 
scandium and are considered accurate to within ± r:% of the trw values near 
room temperature and ± 15% below 200 K. The values below WO K are applic
able only to scandium having residual electrici11 resistivity Po = ] O. 6 fJ,O em. 
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RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-t 1(-1] 

':' Extrapolated. 

SOLID 

Polycrystalline 

T l< 

0 
1 O. 00706~' 
2 0.0140 
3 0.0208 
4 0.0276 

0.0344 
6 0.0412 
7 0.0479 
8 0.0545 
9 0.0612 

10 0.0678 
11 0.0738 
12 0.0797 
13 0.0855 
14 0.0910 

15 0.0960 
16 0.101 
18 0.109 
20 0.117 
25 0.130 

30 0.137 
a5 0.138 
40 0.138 
45 0.136 
50 0.135 

60 0.136 
70 0.138 
80 0.139 
90 0.141 

100 0.143 

123.2 0.146 
150 0.14!) 
173.2 0.151 
200 0.153 
223.2 0.154 

250 0.156 
273.2 0.157 
298.2 0.158 
300 0.158 
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THEHMAL CONDUCTIVITY OF SELENIUM 
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HEVTARKS 

2 3 4 56 8 10 3 4 5 6 8 102 

TEMPERATURE, K 

3 4 5 6 8 1(3 

The values are for high-purity selenillrn. Those for selenium single crystal 
at temperaturES above 80 K are recommended values and are thought tv be ac
curate to within ± If) to ± 20%. The values below 80 K are merely typical values 
and represent fl. typical curve serving only to indicate the general trend of the 
thermal conductivity of selenium single crystal :3t low temperatures. The values 
for amol'nhous selenium nrc recomm~nded values and are cDnsidered accurate 

for those values around the vitrification temperature, which 
Ilncertainty may he as much as ± 2~%. 

THF.RMA 

2 3 4 5 

~ 
c 

'" 

RECOMMENDED VALUES t 

[Temperaturc, T, K; Thermal Conductivity, k, W em -1 Jell 

SOLID 

1/ to ..L to /I to ..L to 
c-axis c-axis c-axis c-axis 

T k k T k k 

0 0 60 0.168 0.0480 

1 O. 05G;l~' 0.00865* 70 0.144 0.0411 

2 0.35::1 0.0600 80 0.126 0.0360 

3 0.855 0.160 90 0.112 0.0;-120 

4 1. 41 0.268 100 0.103 0.0294 

5 1. 75 0.348 123.2 0.0880 0.025:1 

6 1. 92 0.395 150 0.0762 0.0218 

7 1. 90 0.410 173.2 0.0681 0.0195 

8 1. 78 0.407 200 0.0608 0.0174 

9 1. 61 0.390 22:L 2 0.0555 0.0161 :r: 
10 1. 42 O. :159 250 0.0513 0.0147 0 

11 1. 26 0.329 27:l.2 0.0481 0.0137 ." 

12 1. 12 0.301 298.2 0.0452 0.0131 0 
13 1. 01 0.276 300 0.0452 0.0130 ~ 
14 0.919 0.253 a2;l.2 0.0448 0.0127 m 

r-

15 0.844 0.2::14 350 O.04(i1 0.0132 ~ 

16 0.778 0.217 373.2 0.0483 0.0139 l> 
18 0.672 O. lSH 400 0.0538 0.0154 Z 
20 0.588 0.166 473.2 0.0696 0.0198 0 

25 0.448 0.127 490.2 0.0747 0.0213 !: 
r-

30 0.:162 0.103 m 
35 0.303 0.0866 -< 
40 0.260 0.0743 
45 0.228 0.0651 
50 0.203 0.0580 

i.e Extrapolated. 
t Values below 80 K are merely typical values. 
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RECOMMENDED VALUES t 

SOLID 

Amorphous 

T k T 

0 0 250 0.00360 
1 0.000130>!' 273.2 0.00428 
2 0.000236 290 0.00484 
:3 0.000290 295 0.00504 
4 0.000323 298.2 0.00519 

5 0.000342 299.2 0.00524 
G 0.000358 300 0.00528 
7 0.000374 300.2 0.00529 
8 0.000390 301 0.00533 
9 0.000405 :301. 2 0.00534 

10 0.000420 302 0.00538 
11 0.000435 302.2 0.00539 
12 0.000450 303 0.00544 
13 0.000465 30:1.2 0.00545 
14 0.000480 303.5 0.00547 

15 0.000494 304 0.00732 
"16 0.000508 304.5 0.00681 
18 0.000532 304.7 0.1)0671 
~O 0.000560 305 0.00657 
25 0.000619 305.2 0.00650 

30 0.000675 :305.5 0.00640 
:15 0.0007:30 305.7 0.00635 
40 0.000788 :-106 0.00627 
45 0.000843 :306.2 0.00623 
50 0.000900 306.5 0.00619 

60 0.00102 31}6.7 0.1}0619 
70 O.OOlla 31)7 0. ')0619 
80 0.00125 31)7.2 0.1)0621 
90 0.001:36 31)7.5 0.00625 

100 0.00148 3 1)8 0. 1)0631 

123.2 0.00173 31)9 0. 1)0644 
150 0.00204 3tO 0. 1)0656 
173.2 0.00230 313.2 O. )069(} 
200 0.00263 3lO O. )0782 
223.2 0.00299 :323.2 O. ')0818 

':' Extrapolated. 
t Values at temperatures from 301 to 30:) K are proYisional. 

THERMAL CONDUCTIVITY OF SELENIUM (c01tinllcd) 
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THERMAL CONDUCTIVITY OF SILICON 
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TEMPERATURE, K 

The values are for high-purity silicon. Those at temperatures 300 K and above are 
recommended values and are considered accurate to within :1:5% of the true values 
at temperatures from :WO to 1000 K and ± 10% at the highest :emperatures. The 
values below 300 K are merely typical values and represent a typical curve serving 
to indicate the general trend of the thermal conductivity of silicon at moderate l'lncl 
low temperatures. 

3 4 5 

RECOMMENDED VALUES t 

[Temperature, T, K; Thermal Conductivity, k. \\. em < E-~: 

SOLlD 

T k T k 

0 0 250 1. 91 
1 O. 069~3):' 273.2 1.68 
2 0.454 298.2 1.49 
3 1. 38 300 1.48 
4 2.97 323.2 1.33 

5.27 350 1.19 
8.23 373.2 1. 08 

7 11.7 400 0.989 
8 15.5 473.2 0.814 
9 19.5 500 0.762 

10 23.3 573.2 0.651 
11 27.0 600 0.619 
12 30.9 673.2 0.536 
13 34.8 700 0.508 
14 38.4 773.2 0.442 

15 41. 6 800 0.422 
16 44. 1 873.2 0.374 
18 47.7 900 0.359 
20 49.8 973.2 0.323 
25 51.3 1000 0.312 

30 48.1 1073.2 0.286 
35 41.3 1100 0.279 
40 35.3 1173.2 0.262 
45 30.6 1200 0.257 
50 26.8 1273.2 0.247 

60 21.1 1300 0.244 
70 16.8 1373.2 0.237 
80 13.4 1400 0.235 
90 10.8 1473.2 0.229 

100 8.84 1500 0.227 

123.2 5.99 1573.2 0.223 
150 4.09 1600 0.221 
173.2 3.30 1673.2 0.220 
200 2.64 1685 0.220 
223.2 2.25 

':' Extrapolated. 
t Values below :100 K are merely typical value·· 
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TEMPERATURE, K 

rml\1AHKS 

The recommended values arc fer well-annealed high-PJrity silver and arc considered 
accurate to within J2% of the tme val.ues near room temperature and ±510 below 100 K 
and above 1000 K. The thermal conductivil.y at temperatures ncar and below the cor
responding temperature, T m , of the conductivity maximum is highly sensitive to small 
physical and chemical variations among different specimcns, and the recommended values 

3 4 5 

below 150 K are applicable only to silvcr having residual electrical resistivity Po = O. 000621 ~n cm. 
Values at temperatures below about 1. 5 TJ1l are caiculrtted by using equation (7) and using 
the constants m, IJ, and Ct." given for silver in Table 1 and the parameter fl co 0.0254. 
No experimental data arc availf1ble for molten silveralld the values given here are estimated 
and are provi.c;ional vnlue.c;. They are probably good to 1: 20% from melting point to 2000 K. 

RECOMMENDED VALUES" 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-'] 

SOLID LIQUID 

T k T Ie T k T 

0 0 ] 2:1.2 4. ~l8 1235.08 1. 75~' 327:1 

1 :H).4 150 4. :32 127:1.2 1. 77':' :3400 
2 78.3 173.2 4.:n l:WO 1. 78':' :347:1 
3 115 200 4. :;0 1:n:l.2 1. 82':' 3600 
4 147 223.2 1.30 1400 1. 8:3':' 367:3 

5 172 250 4.29 1473.2 1. 86':' a800 
6 187 273.2 4.29 1500 1. 87';' 3873 
7 193 298.2 4.29 1573.2 1. 89~' 4000 
8 190 :300 4. 29 1600 1. 90';' 4073 

181 32:J.2 4.28 167:.3.2 1. 92':' 4273 

IO 168 350 4.27 1700 1. 93':' 4500 

11 154 373.2 4.26 1773. ~ 1. 94~' 477:.3. 

12 139 400 4.25 1800 1. 95':' 5000 
1:3 124 473.2 4.20 187:3.2 1. 9()':' 527:3 

14 109 GOO 'I. 19 1900 1. !)W:, 5500 

IFJ 9G 573.2 4.14 1 !l7:l. 2 1. !)7':' 577:1 
1(; 85 600 'I. 12 2000 1. !.l7~' GOOO 

18 66 67:3. 2 4.07 207:).2 1.98* G273 

20 51 700 4.04 217:l.2 1. 98':' 6500 

25 29.5 773.2 :3. 99 2200 1. !l8':' G77:; 

30 1!.l .. 1 800 a.96 227:3. 2 1. !J9':' 7000 

35 13.7 873. ~ :3.90 2400 1. !l8':' 727:3 

40 10.5 BOO :L 88 247:J, 2 1. D8';' 

45 8.4 !J7:3. :2 :3.82 2600 1. !)7~' 

50 7.0 1000 :3.79 2H7:); 2 1. D6~~ 

60 5.5 1073.2 3.7:3':' 2800 1. !l5':' 
70 4.97 1100 :3. 70~' 2873.2 1. !)4~' 

80 4.71 117:3.2 :1. 6:3';' 3000 1. !n~' 
!)O 4.60 1200 :3.61':' :307:3 1. !)O~~ 

100 4.50 12:35.08 :1. 58':' :3200 1. 87~' 

,~ E:{trapoiated or estimated. 
t Vl.lues for molten l?ilver are provisional. 

k 

1. 85':' 
1. 82':' 
1. 7!),:' 
1. 7(j'~ 
1. 74':' 

1.70':' 
1. G8':' 
1. fi3':' 
1. HI':' 
1. 54'~ 

1. 45':' 
1. 3:l~' 
1. 2:3':' 
1. 11':' 
1. 01':' 

O. 87FJ'~ 
O. 7()4'~ 
0.628* 
0.514':' 
O. 37:l~' 

O. 25P~ 
O. 104'~ 
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HEMAHKS 

r""",."n..,,,rI,,rl values nre for high-pm·ity sodium and ,'re considered flccnrnte 1.0 
rue "alucs at temperatures below 60 K, ± 10% from ()O K to the 

point, ± 5'70 for the liquid state below 1000 K, ;lnd 0: 10% from ]000 to 1600 K. 
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3 4 5 

The thermal conductivi:y at temperatures near and below the corresponding temper
ature, Tm, of the conductivity maximum is highly sensithe to small physical and 
chemical variations arnong different specimens, and the recommended values below 
80 K are applicable only to sodium having residual electrical resistivity Po = 0.00147 IJO cm. 
Values at temperatures below about 1. 5 Tro are calculated to fit experimental data 
by using eqllation (7) and using the constants m. n. and an given for SJdium in Table 1 
and the parameter IJ =c ,). 0600. 

RECOMMENDED VALUES t 

[Temperature, T, K; Thermal C:mductivity. k, W cro-1 leI] 

SOLID 

T k T 

0 0 371 
1 16.6';' 373.2 
2 31. 8';' 400 
3 43.2 473.2 

48.5 500 

48.2 573.2 
6 44.2 600 
7 38.4 673.2 
8 31. 7 700 
9 26.3 773.2 

10 22.0 800 
II 18.8 873.2 
12 16.1 900 
I3 14.0 973.2 
I4 12.2 1000 

15 10.7 1073.2 
16 9.40 1100 
18 7.48 1173.2 
20 6.09 1200 
25 3.94 1273.2 

30 2.83 1300 
35 2.22 1373.2 

280CK to 1. 89 1400 
15 1.71 1473.2 
50 1. 58 1500 

50 1. 45 1573.2 
70 1. 38 1600 
80 1.:15 1673.2 
90 1. 36 1700 

100 1.36 1773.2 

123.2 1. 38 
150 1. 40 
173.2 1.41 
200 1.42 
223.2 1.42 

250 1.43 
2:73.2 1. 42 
298.2 1.42 
300 1. 41 
323.2 1.39 

350 1.35 
371 1.32 

,;, Extrapolated or estimated. 
t Values abov~ 1600 K are provisional. 

LIQUID 

k T 

0.883 1800 
0.882 1873.2 
0.808 1900 
0.827 1973.2 
0.815 2000 

0.778 2073~2 

1).764 2173.2 
0.728 2200 
0,715 2273.2 
1),681 2400 

0,668 2473.2 
1),638 2600 
1).625 2673,2 
I}. 596 C. T. = 2800 
I). 583 

1).553 
1),543 
1),513 
I), 503 
'),476 

,).465 
1).438 
I}. 428':' 
,).402';' 
,}.393';' 

0.367';' 
').358';' 
,).334';' 
). 325';' 
'L30},;' 

k 

0.292':' 
0.26W;' 
0.260';' 
0.238';' 
O.22D';' 

0.207';' 
0.177';' 
0.170';' 
0.148';' 
0.112';' 

0.087';' 
O.OGo';' 
0.03:)';' 
O.OOl:F;' 
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REMARKS 

'i'he provisional values are for high-purity str.mtium and are probably good 
to ± 20% below 450 K. The uncertainty increllses above 500 K due t6 the effect 
of the phase transformations. No values appear to have been reported for 
the thermal conductivity of strontium, and these provisional values are derived 
from electr:cal resistivity oat,a. 

3 4 5 

PROVISIONAL VALUES 

[Temperature. T, K; Thermal Conductivit:y, k. W cm-1 K-l) 

* Estimated. 

SOLID 

Polycrystalline 

T k 

150 0.446* 
173.2 0.424* 
200 0.405* 
223.2 0.390* 
250 0.375* 

273.2 O. 364"~ 
298.2 0.354* 
300 0.353* 
323.2 0.344* 
350 o. a:ia* 

373.2 0.325~' 
400 0.317* 
473.2 0.301 * 
488 J.300* 
488 0.281* 

500 0.280* 
573.2 0.277* 
600 0.276* 
673.2 0.277* 
700 0.278* 

773.2 0.2R2* 
800 0.284* 
873.2 0.289* 
878 0.290* 
878 0.248* 

900 0.250* 
973.2 0.257* 

1000 0.260* 
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REMARKS 

The values are for high-purity sulfur. Those for pol}crystalline sulfur at 
temperatures ::lbove 70 K are rreommended values and are considered accurate 
to within ±100/0 of the true values from 70 K to room temperature and ±50/0 
from room temperature to the melting point. The valles below 70 K are merely 
typical values and represent a t;lpical curve serving to indicate the general 
trend of the thermal conductivity of sulfur at low tem~eratures. The values 
for amorphous sulfur are recorrmended values and are probably good to ±150/0, 
The recommended values for licuid sulfur are considered accurate to within 
±5%. . 

2 3 4 5 

RECOMMENDED VALUES t 

[Temperature, T, K; Thermal Conductivity, k, W em -t K-1] 

SOLID 

Polycrystalline Amorphous 

T k T k T k 

0 0 60 0.00799 90 0.00163 
1 0.00662* 70 0.00717 100 0.00165 
2 0.0320* 80 0.00654 123.2 0.00169 
3 0.0694 90 0.00602 150 0.00175 
4 0.106 100 0.00562 L73.2 0.00180 

5 0.124 123.2 0.00490 WO 0.00185 
6 0.128 150 0.00430 ~23. 2 0.00190 
7 0.123 173.2 0.00389 ~50 0.00195 
8 0.112 200 0.00355 ~73. 2 0.00200 
9 0.0970 223.2 0.00330 298.2 0.00205 

10 0.0817 250 0.00305 300 0.00206 
11 0.0688 273.2 0.00287 323.2 O. 00210~' 
12 0.0581 298.2 0.00270 350 0.00216* 
13 0.0499 300 0.00269 
14 0.0435 323.2 0.00256 

15 0.0384 350 0.00242 
LIQUID 

16 0.0343 368.6 0.00233 T k 
18 0.0280 368.6 0.00154 
20 0.0235 373.2 0.00154 392.2 0.00129 
25 0.0169 392.2 0.00150 too 0.00132 

30 0.0140 
173.2 0.00153 

35 0.0122 
500 0.00160 
573.2 0.00169 

40 0.0109 
45 0.00993 500 O. 00170"~ 

50 0.00917 

* Extrapolated. 
t Values below 70 K are merely typical values. 
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TEMPERATURE. K 

HEMARKS 

The recommended values are for well-allnealed high-purity tantalum and are 
considered accurate to Within ±5% of the true values at moderate temperatures 
rtnd ±] 0% at low and high temperatures. The thermal conductivity at temper
atures near and below the corresponding temperature, 'I'm, of the conductivity 
maximum is highly sensitive to small physical and chemical variations among 
different specimens, and the recommended values below 100 K are applicable 
only to tantalum having residt:al electrical resistivity Po = 0.214 ,.,n em. Values 
at temperatures below about 1. 5 Tm are calculated to fit experimental data by 
using equation ('7) and using tile constants m, n, and (XI! given for t.ant.alllm in 
Table 1 and the parameter (3 = 8.70. 

2 3 4 5 

RECOMMENDED VALUES 

fTemperaturc, T, K; Thermal Conductivity, k, W cm-1 K-i] 

T k 

o 0 
1 0.115 
2 0.230 
3 O. ~44 
4. 0.458 

5 0.569 
6 0.678 
7 0.784 
8 0.884 
9 O. ~79 

10 1. 07 
11 1. 15 
12 1. 22 
13 1. 28 
14 1. 33 

15 1. 37 
16 1. 40 
18 1. 43 
20 1. 42 
25 1. 30 

30 1. 15 
35 0.99 
40 0.87 
45 0.78 
50 0.72 

60 0,651 
70 0.616 
80 0.603 
90 0.596 

100 0.592 

SOLID 

T k 

123.2 
150 
173.2 
200 
223.2 

250 
273.2 
298.2 
300 
323.2 

350 
373.2 
400 
473.2 
500 

573.2 
600 
673.2 
700 
773.2 

800 
873.2 
900 
973.2 

1000 

1073.2 
1100 
1173.2 
1200 
1273.2 

0.586':' 
0.580':< 
0.578':' 
0.575':< 
0,574':' 

0.574':' 
0.574 
0,575 
0,575 
0.576 

O,m6 
0.577 
0.578 
0.582 
0.582 

0.585 
0.586 
0.588 
0.590 
0.593 

0.594 
0.597 
0.598 
0.602 
0.602 

0.605 
0.606 
0.609 
0.610 
0.613 

T 

1300 
1373.2 
1400 
1473.2 
1500 

1573.2 
'1600 
1673.2 
1700 
1773. :> 

1800 
1873.2 
1900 
1973.2 
2000 

2073.2 
2]73.2 
2200 
2273.2 
2400 

2473.2 
2600 
2673.2 
2800 
2873.2 

3000 
3073 
3200 

1< 

0.614 
0.617 
0.618 
0.622 
0.622 

0.625 
0.626 
0,629 
0.630 
0,633 

0.634 
0.637 
0,638 
0,640 
0.641 

0.644 
0.647 
0,648 
0.650 
0.654 

0.656 
0.659 
0.661 
0.664 
0,665 

0.666 
0.666 
0,666 

':' Interpolated. 
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The recommended values flrc for well-annealed high-purity polycrystalline 
technetium and are thought to be accurate to within ± 1 0% Ileal' room tcmper
nturc and :I: 20% at the highest tempcratures. 
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RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity; k, W cm-I K-1
) 

* Extrapolated. 

SOLID 

Polycrystalline 

T 

273.2 0.509':' 
298.2 0.506 
300 0.506 
323.2 0.504 
350 0.502 

373.2 0.501 
400 0.500 
473.2 0.498 
500 0.498 
573.2 0.499 

GOO 0.499 
E73.2 0.504 
700 0.507 
/73.2 0.515 
EOO 0.5H) 

E73.2 O. 
~OO 
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TEMPERATURE, K 

The values are for well-annealed high-purity tellurium. Those at temperatll res 
above 50 K are recommended values and are considered accurate to within 
± IOta ±l5% of the true values for the solid and ± IOta ± 20% for the liquid. 
The values below 50 K are merely typical values and represent two typical curves 
serving to indicate the g,mcral trenc of the thermal conductivity of tellurium 
at low temperatures. 

2 3 4 5 

RECOMMENDED VALUESt 

[Temperature, T, K; Thermal Conductivity, k, W cm-t loCt
) 

SOLID 

1/ ,,0 ...L to II to ...L to 
c-axis c-axis e-axis c-axis 

r k k T k k 

0 0 0 60 0.180 0.0870 
1 O. 711)~' O. 198~' 70 O. 146 0.0723 
2 3.14 0.906 80 O. 122 0.0618 
3 5.75 1. 87 90 0.104 0.0542 
4 6.72 2.50 100 0.0912 0.0484 ..... 

::a: 
5 6.59 2.67 123.2 0.0716 0.03!)6 m 
6 5.92 2.56 150 0.0585 0.0:328 ::ID 

~ 
7 5.04 2.28 173.2 0.0513 0.0291 l> 
8 4.33 1. 91 200 0.0455 0.0259 ,.. 
9 3.66 1. 57 223.2 0.0417 0.023!> n 

10 3.09 1. 30 250 0.0383 0.0221 0 
~1 2.67 1. 10 273.2 0.0360 0.0208 Z 
12 2.31 0.943 298.2 0.0338 0.0197 0 

c: 
;3 2.01 0.823 300 0.0337 0.0196 n 
~4 1. 77 0.728 323.2 0.0320 0.0188 ..... 

15 1. 57 0.649 350 0.0304 0.0180 <: 
:6 1. 40 0.583 373.2 0.0292 0.0173 =i 
:8 1.14 0.482 400 0.0280 0.0168 -< 
:\0 0.95') 0.407 473.2 0.0256 0.0156 0 
25 0.66) 0.289 500 0.0250 0.0152 "" ..... 
30 0.491 0.221 573.2 0.0236 0.0146 ::a: 
35 0.391 0.178 600 0.0234 0.0144 rn 
40 0.321 0.148 673.2 0.0230 0.0141 m 
45 0.271 0.127 700 0.0229 0.0141 

,.. 
m 

50 0.233 0.110 722.7 0.0229 0.0140 ~ 
m 
Z 

I,IQUm ..... 
en 

T k 

722.7 0.0290 
773.2 0.0381 
800 0.0424 
873.2 0.0522 
900 0.0554 

973.2 0.0630 
1000 0.0651 
1073.2 0.0696 
1100 0.070H* 

!< Extrapolated. 
t Values be:ow 50 K are merely typical values. 
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TF.MPERATURE, K 

B.Ei\1ARKS 

The provi~ional values <l.re for wcIl-anneale( high-purity terbium aJlCl are considered 
accurate to within ±I ~% of the tne values near room tcnperaturc R'1d ± 20"10 down 
to 50 K. The values below 50 K arc very uncertain. Thc values below 150 K for 
kIf .k 1. . Rld k poly are applicable only to samples having residual e.ectrical resistivities 
of l. ~7, 2. ;17, and 2.19 /J.O err, respectively. 

-
-

---'-

T 
- 0 

1 
- 2 

:3 
4 

- 10 
11 - 12 
1:3 
14 

15 
16 
18 
20 
25 

-

-

:3 4 5 

PROVISIONAL VALUES 

[Temperat.ure, T, K; Thermal Conductivity, k, Wcm-' K-', 
SOLID 

/I to i. to Poly- /I to J.. to Poly-
c-axis e-axis crystalline c-axis e-axis crystalline 

k k T k k 

0 :30 0.262 0.192 O. 21:J 
0.0180 35 0.245 0.184 0.202 
0.0383 40 0.231 0.174 O. 191 
0.0602 45 0.221 0.166 0.183 
0.0842 50 0.214 O.lGO 0.176 

O.14() 0.093!J 0.10D 60 0.205 O. 151 0.168 
0.17D 0.112 0.131 70 0.198 0.144 0.160 
0.208 0.127 0.150 80 0.1!)0 0.138 0.15:3 
0.2:n 0.140 O. Hl6 DO 0.lR3 0.132 0.147 
O.24D 0.151 0.179 100 0.177 0.127 0.142 

0.2():1 0.160 0.189 123.2 0.164 0.117 0.1:31 
O. 27:~ 0.168 O. UJ8 1M 0.152 O. lOG O. 120 
0.28] O. 17:1 0.204 l7:L 2 0.14:3 O. M)88 0.112 
0.288 0.178 0.20n 200 O. 1:32 0.0!J02 0.103 
0.292 0.182 0.21:) 223.2 0.124 0.0828 0.0948 

0.295 0.186 0.217 230 0.122 0.0800 0.0922 
0.296 O.18D 0.220 250 O.l:H 0.0846 0.0980 
0.296 0.ID3 0.22a 27:1.2 0.138 0.0900 0.104 
0.2D4 0.196 0.225 298.2 0.147 0.OD56 0.111 
0.279 0.196 0.221 300 0.148 O. O\J5~J 0.111 

~ o 
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TEMPERATURE. K 

REMARKS 

The values are for well-annealed high-purity polycrystalline thallium. Those at 
temperatures above :JO K arc recommended values iUld are considered accurate to 
within ±}5% of the true values from 30 to 100 K and ±10% above 100 K. The values 
below 30 K are provisional and furthermore they are applicable only to a sample 
having residual electrical resistivii;y Po = O. 000240 ",Oem. These provisional 
values are probably good to within ± 20%. Values a: temperatt:res below about 
1. 5 Tm are calculated by using equation (7) and USing the cor.slants m, n, and at! 
given for thallium in Table 1 and the parameter {3 :<! O. 00982. 
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RECOMMENDED VALUES t 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1] 

SOLID 

polycrystalline 

T k T 

0 0 60 
1 82.7':' 70 
2 63. 4~' 80 
3 33.2 90 
4 17.6 100 

5 10.2 123.2 
6 6.19 150 
7 4.04 173.2 
8 2.95 200 
9 2.30 223.2 

10 1. 87 250 
11 1. 60 273.2 
12 1.40 298.2 
13 1. 27 300 
14 1.16 323.2 

15 1. 07 373.2 
16 1.00 400 
18 0.889 473.2 
20 0.811 500 
25 0.718 

30 0.682 
35 0.665* 
40 0.650* 
45 0.637* 
50 O. 626~' 

* Extrapolated or interpolated. 
tValues below 30 K are provisional. 

k 

0.6071/< 
0.590* 
0.578 
0.567 
0.556 

0.538 
0.519 
0.506 
0.494 
0.485 

0.476 
0.469 
0.461 
0.461 
0.455 

0.443 
0.438 
0.425 
O. 421~" 
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TEMPERATURE, K 

REMARKS 

The provisional values are for well-annealed high-purity thorium and their uncertainty is 
probably of the order of ±15Vo below lOOK, ±20r7o from 100 to 500K, and ±25% above 500K. 
The thermal conductivity at temperatures near and below the corresponding temperature, 
I'm, of the conductivity mrudmumishighly sensitive to small physical and chemical varia
tions among different specimens,and the values below 150K are applicable only to thorium 
having residual electdcal resistivity Po = 0.0268 /JO cm. Values at temperatures below 
about 1. 5 Tm arc calculated to fit experimental data by using equation ( 7 ) and using the 
constants m, n, and ct' given for thorium in Table I and the parameter j3 = 1. 07. 

~ 
0 
~ 

PROVISIONAL VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-t K-1] 

SOLID 

T k T k 

0 0 123.2 0.578 
1 0.938':' 150 0.563 
2 1. 87 173.2 0.554 
3 2.78 200 0.546 
4 3.64 223.2 0.543 

5 4.37 250 0.541 
6 4.91 273.2 0.540 
7 5.20 298.2 O. 540 
8 5.23 300 0.540 
9 5.02 323.2 0.541 

10 4.66 350 0.542 
11 4.20 373.2 0.543 :t: 
12 3.72 400 0.545 0 
13 3.30 473.2 O. 549 "0 
14 2.96 500 0.551 0 
15 2.66 573.2 O. 556 ~ 
16 2.41 600 0.558 m ... 
18 2.01 673.2 O. 563 r 
20 1. 70 700 O. 564 » 
25 1. 26 773.2 O. 568 Z 
30 1. 04 800 O. 569 0 

35 0.917 873.2 O. 572 !:: 
40 0.841 900 0.573 ... 

m 
45 0.788 973.2 0.577 -< 
50 0.747 1000 0.578 

60 0.690 1073.2 0.581 
70 0.655 1100 0.583 
80 0.630 1173.2 0.586 
90 0.612 1200 0.587 

100 0.598 1273.2 O. 589 

1300 O. 590 

Extrapolated. 
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THERi\Tt\L CONDUCTIVITY OF THULIUM 

10 f- - PHOV[SIONAL VALUES 

8 - [Tempenlture, T, K; Thermal Conductivity. k, W cm-I k-Il 
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TEMPERATURE, l{ 

HEMAH.K~ 

The provisional values are for well-annealed high-purity thulium and 1re 
considered accurate to within ± 15'70 of the true values at tC11peratures above 
150K. The values below 150K are very uncertain. Values below lOOK for 
kif, k

1
, and kpoly arc allplicable oIlly to samples having residual electrical 

lesistivities of 3. J, l. 7. and. 18 J,lO Clll respectively. 

-

-

:3 4 5 

/I to i to 
c-axis c-axis 

T Ie k 

2 
:3 
4 

O. 13D 0.142 

0.162 0.170 
0.180 0.lD7 

D 0.19G 0.221 
10 0.207 0.2.1fi 
11 0.210 0.244 

12 0.207 0.246 
13 0.202 0.245 
14 0.1!);3 0.243 
15 0.183 0.238 
l!) 0.173 0.232 

18 0.158 0.218 
20 0.144 0.202 
25 0.120 O. 167 
:30 0.106 0.141 
~J5 0.105 0.123 

~~ 

Extrapolated • 

SOLID 

Pely- " to i to Pol~T-

crVst.all.ine c-axis c-axis clystallinc 

k T k k k 

O. 02G!)~' 40 0.105 0.110 0.108 

C.0517 42.4 0.106 0.106 0.106 

(J.0815 45 0.109 0.102 0.104 

0.113 50 O.lH) 0.0948 0.102 

0.141 55 O. 141 0.0912 O. IOn 

0.167 58 O. 160 O.O!Hl 0.110 

o. un 60 O. 1 (i4 O. 0~)20 0.112 

C.212 70 0.175 O. 0~)97 0.120 

C.226 80 0.185 O. ] 05 0.127 

C.2:12 90 O. 1 n~~ 0.108 0.131 

(].232 100 0.200 0.111 0.135 

(].230 123.2 0.214 0.117 0.144 

(J.225 150 0.224 0.126 0.15:3 

(J.218 173.2 0.230 0.130 0.158 

D.211 200 0.235 0.134 0.1(,2 

(].196 223.2 0.2:l8 O. U6 0.164 

0.180 250 0.241 O. 1~l8 0.167 

(].150 27:3.2 0.242 0.140 O.IG8 

(J.128 298.2 0.242 0.141 0.IG9 

0.117 .100 0.242 0.141 0.169 
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I{EMARKS 

polycrystalline -

I- J.. to c-a.:'(is 

3'156810 2 3 4 5 6 8102 3 4 5 6 8 103 

TEMPERATURE, K 

The recommended values are for well-annealed high-purity tin. The values foJ' 
poJ,vcrystalline tin are t.hought to be accurate to within :t :1% of the true values at 
moderate temperatures, ± 5'70 at high temperatures, and:1: 15% at low temperatures. 
Those for k" and k 1. of tin sinf;le crystal ~hould be accurate to within ± 6% at 
moderate temperatures, ;t 10 '70 at high temr:eratures, and ±15'70 at low temper
atures. For molten tin the values are probably good to ±5'70 near the melting 

3 4 5 

T 

0 
1 
2 
3 
4 

6 
7 
8 

10 
11 
12 
l~l 

14 

15 
If) 
18 
20 
25 

30 
35 
40 
45 
50 

RECOMMENDED VALUES t 

[Temperature, T, K; Thermal Conductivity, k, W cm-t K-t1 

SOLID 

/I to . .L to Poly- /I to -L to Poly-
c-axis c-axis crystalline c-axis c-axis crystalline 

k k k T k k k 

0 0 0 60 0.797 1. IG 1. 04 
142 204 183 70 0.740 1. 07 0.960 
250 360 323 80 0.705 1. 02 O. !H5 
2~W 331 297 90 0.679 0.980 0.880 
140 202 181 100 0.660 0.950 0.85a 

90 130 117 123.2 0.630 0.906 0.814 
59 85.0 76 150 0.602 0.867 0.779 
40 58.0 52 173.2 0.585 0.842 0.757 
28 40.0 36 200 0.567 0.816 0.733 
20.1 29.0 26 223.2 0.553 0.796 0.715 

14.9 21. 5 19. :3 250 0.5a8 0.775 0.696 
11.4 16.5 14.8 273.2 0.527 0.759 0.682 
9.0 12.9 11. 6 298.2 0.516 0.74a O. GG8 
7.2 10.4 9. ~1 300 0.515 0.742 0.666 
5. n 8.5 7.6 323.2 0.506 0.72!) O. (l55 

4.9 7.0 6. ~3 350 0.496 0.715 0.642 
4.1 5.9 5.3 373.2 0.489 0.704 0.6:32 
3.1 4.5 4.0 400 0.481 0.69:1 0.622 
2.5 3.6 3.2 473.2 0.466 0.670 0.(;02 
1. 72 2.5 2.24 500 0.461 0.6f)4 0.596 

1. 36 2.0 1. 79 505.118 0.460 O. f)62 0.595 
1. 16 1. 67 1. 50 
1. 04 1. 50 1. 33 
0.950 1. 37 1. 23 LIQUID 
0.88B 1. 28 1. 15 T k T k 

505.118 0.303 1000 0.405 
57:3. 2 0.317 107:3. 2 0.420 
600 0.323 1100 0.425 
673.2 0.338 1173.2 0.440 
700 O. :344 1200 0.446 

773.2 0.358 1273.2 0.460 
800 0.364 1300 0.466 
873.2 0.378 137:.3. 2 0.481 
900 0.384 1400 0.487 
973.2 0.399 1473.2 0.501 

1500 0.507 point, but an increasing uncertainity remains to be resolved at higher temperatures. 
At temperatures below 100 K the values fork" , k.J.' and k.'Po1.¥.., are applicable only 
to samples having Po = 0.000170, 0.OOO1I8, and 0.0')01:)2,.a' em, respectively. 
Values for k 1/ and k.L at temperatures below lbout l. 5 T m are calculated by using' 
equation ( 7) aridusingn = 2.6, (lit = 0.OO)08fH and 0.0000588, and fJ = 0.006% 
a.nd 0.00484, respectively. --- t Values above 873 K are provisional. 
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THERMAL CONDUCTIVITY OF TITANIUM 

10 l-
8 

I- -
6 
5 
4 

3 
I 

i' 2 
~ I- -
i' 
E 
() 1 -
~ 8 -
~ 6 
E-< 5 
:; 4 
f:! 
u 3 
:::-
0 2 Z 
0 
U 
...;j 

~ 10-1 

er::: 8 
::.J 
::t: 6 
E-< 5 

/-~~ 
~/ 

I V ~ ~~ -
IQ'" 

0"'\ 
!- .t4. -

/. 
/' 

4 / 
3 '-. -/ 

/. 
/ 

2 'r-/ 
/ 

I r P·tt)11r,51~ll, M. P. 1950 K..., , -
I I - I. I I "L I I i 10- 2 

1 2 3 4 56 8 10 2 3 4 56 8 102 234568103 3 4 [) 

TEMPERATURE. K 

REMARKS 

The recom.mended vaues are for well-annealed high-pu::ity polYCl'ystalline titallium and are 
considered accurate 10 within ±IO% of the true values at moderate temperatures and ±15'70 at 
low and h:gh temperatures. The thermal c01ductivity at temperatures near and below the 
corresponding temperature, Tm. of the conductivity ma"imum is highly sensitive to small 
physical and chemica variations among different specimens, and the recommellded values 
below room temperature are applicable only to titanium having residual electrical resistivity 
Po = 1. 90 ",0 cm. Values at temperatures b~low about 1. 5 Tm are calculated to fit experimental 
data by using equation ( 7) and using the constants m. n, and a" as listed in Table 1 and 
the parameter fj = 6a 5. 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-t K-1] 

SOLID 

Polycrystalline 

T k T k 

0 0 250 0.229 
1 0.0144':' 273.2 0.224 
2 0.0288* 298.2 0.219 
3 0.0432 300 0.219 
4 0.0575 ~l23. 2 0.215 i 
5 0.0719 350 0.210 1ft 
6 0.0863 373.2 0.207 '" 7 0.101 400 0.204 ~ 
8 0.115 473.2 0.198 l> 

0.129 500 0.197 
..... 
n 

10 0.143 573.2 0.194 0 
11 0.157 600 0.194 Z 
12 0.171 673.2 0.194 '=' 
13 0.185 700 0.194 C 
14 O.1!)9 773.2 0.196 n .... 
15 0.212 800 0.197 < 
16 0.225 873.2 0.200 

.... .... 
18 0.250 900 0.202 -< 
20 0.275 973.2 0.205 0 
25 O. :~27 1000 0.207 "" 
30 0.365 1073.2 0.211 -f 

::c 
35 0.386 1100 0.213 m 
40 O. ~~90 117:l.2 0.218 m 
45 0.385 1200 0.220 ..... 
50 0.374 1273.2 0.225 m 

~ 
60 0.355 1300 0.228 m 
70 0.:J40 1373.2 0.234 Z .... 
80 0.326 1400 0.236 ." 
~o 0.315 1473.2 0.242 

1(10 0.305 1500 0.245 

123.2 0.286 1573.2 0.251 
150 0.270 1600 0.253 
173.2 0.257 1673.2 0.259* 
200 0.245 1700 0.262* 
223.2 0.237 1773.2 0.268';: 

1800 0.270* 
1873.2 0.277* 
1900 0.279* 
1950 O.28:!* 

>I< 
Extrapolated. 

.1:10 
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TEMPERATURE, K 

REMARKS 

The recommended val 11es are for well-annealed high-purity tungsten and are 
considered accurate to within ±3% of the true values at temperatureE from 
300 to 150C K, ± 5% from 100 to 300 K and 1500 to 3000 K, and ± 10% below 
100 K and abOve 3000K. The provisional values for molten tungsten are 
estimated and very unDertain. The thermal conductivity at temperatures near and below 
the corresponding temperature, T m' of the conductivity maximum is highly sensitive 
to small physical and ehemical variations among different specimem, and the conductivity 
values below 200 K ar3 applicable only to tungsten having residual electrical resistivity 
Po = 0.00170 JIG em. Values at temperatures below abO'lt 1. 5 T a::'e calculated by using 
equation ( 7) and using the constants m, n, and 0''' as listed in nillie 1 and the parameter 
f3 = 0.0696. 

3 4 5 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 K-1
J 

T k 

0 0 
1 14.4 
2 28.7 
3 42.8 
4 56.3 

5 68.7 
6 79.5 
7 88.0 
8 93.8 
9 96.8 

10 97.1 
11 95.0 
12 91.1 
13 86.0 
14 79.4 

15 72.0 
16 64.5 
18 51. 2 
20 40.5 
25 23.2 

30 14.4 
35 9.61 
40 6.92 
45 5.27 
50 4.27 

60 3.14 
70 2.58 
80 2.29 
90 2.17 

100 2.08 

* Extrapolated. 

SOLID 

T 

123.2 
150 
173.2 
200 
223.2 

250 
273.2 
298.2 
300 
323.2 

350 
373.2 
400 
473.2 
500 

573.2 
600 
673.2 
700 
773.2 

800 
873.2 
900 
973.2 

1000 

1073.2 
1100 
1173.2 
1200 
1273.2 

k T k 

:.98 1300 1. 10 
:.92 1373.2 1. 08 
:.88 1400 1. 08 
:.85 1473.2 1. 06 
1. 82 1500 1. 06 

:.80 1573.2 1. 04 
1.77 1600 1. 04 
1. 73 1673.2 1. 0.3 
1. 74 1700 1. 02 
1.71 1773.2 1. 0] 

1. 67 1800 1. 01 
1. 63 1873.2 0.9D7 
t. 59 1900 O. 9~)4 
t. 50 1973.2 0.984 
1. 46 2000 0.980 

1.39 2073.2 0.971 
1.37 2173.2 0.960 
t.32 2200 0.957 
L.30 2273.2 0.950 
L.27 2400 0.937 

L.25 2473.2 0.931 
L. 22 2600 0.920 
l. 21 2673.2 0.914 
L.19 2800 0.906 
1. 18 2873.2 0.902 

L.16 3000 0.895 
L.15 3073 0.892 
L.13 3200 0.887 
l. 12 3273 0.885 
1.11 3400 0.882 

3600 O. 878'~ 
3660 0.877':' 
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PROVISIONAL VALUES 

LIQUID 

T k T 

3660 0.705':' 11000 
3673 0.704':' 11273 
:3800 0.72:l':' 12000 
:387:3 0.721':' 12273 
4000 O. 7:30':' 13000 

4073 0.735* 13273 
427:3 0.748':' 14000 
4500 0.761':' 14273 
477:3 0.780':' 15000 
5000 0.785':' 15273 

5273 0.795>:' 16000 
5500 0.801':' 16273 
5773 0.809':' 17000 
6000 0.811':' 17273 
6273 0.817':' 18000 

H77:3 0.818':' 18278 
7000 0.819>!' 19000 
727:3 0.819':' 19273 
7500 0.81W:' 20000 
7773 0.818':' 20273 

8000 0.816':' 21000 
8273 0.813':' 21273 
8500 0.810>!' 22000 
87n O. 805~f 22273 
!)()OO O.7D9>:< 

D27:3 0.7H1':' 
9500 0.784>:' 
!J77:3 0.776':' 

10000 O. 768'~ 
10273 0.758':' 

':' Estimated. 

k 

O. 732'~ 
0.721* 
0.693* 
O. 681':' 
0.646':' 

O.632Y.' 
0.594* 
0.579>:' 
0.538>!' 
0.521>:< 

0.478':< 
0.461* 
0.416* 
0.398>!' 
0.352* 

0.3:34':' 
0.286>!' 
0.267>:' 
O. 217':' 
0.1n8':' 

0.146>:' 
0.127':' 
o.on6':' 
0.054Y.' 

THERMAL CONDUCTIVITY OF TUNGSTEN ( continue~ 
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THERMAl; CONDUCTIVITY OF URANIUM 
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TEMPERATURE, K 

The recommended values are for well-annealed high-purity polycrystalline 
uranium and are considered accurate to within :±lO% of the true values at 
temperatures from 300 to 900 K and ± 15 to ± 20% at other temperatures. 
The values below room temperature are applicaJle only to tIranium having 
residual electricaJ resistivity Po =: 2. 14",0 em. 
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RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W em -1 K-1] 

T 

0 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
18 
20 
25 

30 
35 
40 
45 
50 

60 
70 
80 
90 

100 

* Extrapolated. 

SOLID 

Poly crystalline 

k T k 

0 123.2 0.226 
0.0114* 150 0.236 
0.0228':' 173.2 0.243 
0.0338 200 0.251 
0.0442 223.2 0.257 

0.0541 250 0.264 
0.0638 273.2 0.270 
0.0731 298.2 0.275 
0.0818 300 0.276 
0.0898 323.2 0.281 

0.0980 350 0.286 
0.106 373.2 0.291 
0.113 400 0.296 
0.120 473.2 0.311 
O. 126 500 0.317 

0.132 573.2 0.334 
0.138 600 0.340 
O. 149 673.2 0.357 
O. 158 700 0.364 
O. 167 773.2 0.381 

0.173 800 0.388 
0.178 873.2 0.405 
0.182 900 0.413 
O. 186 973.2 0.431 
0.189 1000 0.439 

0.196 1073.2 0.456 
0.202 1100 0.463 
0.208 1173.2 0.483 
0.212 1200 0~490* 
0.217 
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THERMAL CONDUCTIVITY OF VANADItM 
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TEMPERATURE, K 

REMARKS 

The recommended "a1ues are for well-annealed high-purity vanadium and are considered 
accurateto within ±lO% of the true values at room temperature and above and ±l5'7o below 
30 K. Values between 30 K ane room temperature are conjectured and very uncertain, 
The values below 2()0 K are applicable only to vanadium having residual electrical 
resistiVity Po =: 1. 72 ",0 cm. 

* 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-t K-t
) 

SOLID 

T k T k 

0 0 350 0.309 
1 0.0142 373.2 0,310 
2 0.0282 400 0.313 
3 0.0422 473.2 0.319 
4 0.0561 500 0.322 

5 0.0697 573.2 0.330 .... 
6 0.0835 600 0.333 

:r 
m 

7 0.0971 673.2 0.342 :Ie 

8 0.111 700 0.345 ~ 
9 0.125 773.2 0.354 :J:I. .... 

10 0.138 ROO 0.357 n 
11 0.151 0,366 0 
12 0.165 900 0.369 Z 
13 0.177 973.2 0.379 0 
14 0.190 1000 0.382 c: 

n 
15 0.202 1073.2 0.392 ...... -16 0.214 1100 0.395 < 
18 0.237 1173.2 0.405 ::t 
20 0.258 1200 0.408 0< 
25 0.305 1273.2 0.417 0 
30 0.342 1300 0.421 ." 

35 0.369 1373.2 0.430 ~. 

40 0.389 1400 0.434 ::a: 
m 

45 0.401 1473.2 0.443 m 
50 0.405 1500 0.446 r0-

m 
60 0.406 1573.2 0.455 ~ 
70 0.402 1600 0.459 m 
80 0.390 1673.2 0.468 Z 
90 0.373 1700 0.472 

.... 
CIt 

100 0.358* 1773.2 0.481 

123.2 0.336* 1800 0.484 
150 0.324* 1873.2 0.494 
173.2 0.318* 1900 0.497* 
200 0.313* 1973.2 0.506* 
223.2 0.310* 2000 0.509* 

250 0.308* 
273.2 0.307* 
~98. 2 0.307 
aOO 0.307 
323.2 0,308 

Extrapolated or interpolated. 
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:14508103 

Difficulties in sample characterization limit the a~curacy of thr recommended values 
tn pnssibly withir 20% for the solid materia.!. The liqllid valueI' should be reliable to 
within fi% except possibly in lhe immediate vicinit.y of the criticClI pnint. T1C v 
values arc felt to have a similar accuracy below 2!)O K. The gas va.lues sh,)uld be ac
curate to a few percent below !jOO K. the uncertainty then increasing to at least 5% at 
1000 K and 10% at 1500 K. 

:1 4 5 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductjvity, k. W tm-1 K-il 

SOLID SATlJHA TED LIQUID 

T k x 11)3 T k X 103 

50 14.41< 
60 12.01.' 161 0.74 
70 10. [)'~ 170 0.70 
80 9. 2'~ 180 0.60 
90 8.2 >t< 190 0.62 

100 7. 5'~ 200 0.58 
110 6.8* 210 0.54 
120 6. 3~' 220 0.50 
1:10 5.8* 230 0.46 
140 5.4* 240 0.42 

no 5.1* 250 0.38 
lfO 4.8* 260 0.34 
HI 4.8'" 270 0.31 

280 0.27 
290 O. 16 *t 

* Estimated n extrapolated. hence provisional. 
t Pseurlo-crhical value. 

SATURATED VAPOR 

T k x 103 

16S O. 0:l2~' 
170 O. O:l4 * 
180 0.037 * 
190 0.041 1

' 

200 O. 044~' 
210 0.048 1f 

221} 0.051 * 
231) 0.055 * 
24,) 0.060 * 
2nJ 0.066 '" 
26[} 0.073 * 
27[) 0.084 * 
28() O. 098 ~, 
290 O. 1fi *t 
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THERMAL CONDUCTIVlTY OF XENON (continued) 

RECOMMENDED VALUES 

GAS 
(At 1 atm) 

T k x 103 T k x 10" T k X 103 

500 0.0905 850 O. 142 
165 0.0325 510 0.0920 860 O. 143 
170 O. 0334 520 0.0935 870 O. 145 -t 

180 O. 0352 530 0.0950 880 O. 146 :c m 
190 0.0370 540 0.0965 890 O. 147 :a 

200 0.0388 550 0.0980 900 O. 149 
:: 
)I-

210 0.0406 5SG 0.0995 910 O. 150 .... 
220 0.0424 570 0.1010 920 O. 151 n 
230 0.0442 580 O. 1025 930 O. 152 0 
240 . 0.0460 5no O. lO4D 940 O. 154 Z 

0 
250 0.0478 600 0.1055 950 O. 155 c: 
260 0.0496 610 O.107D 960 O. 156 n 
270 o. 0514 620 0.1085 970 O. 157 

.... .-
280 0.0532 630 O. 1100 980 O. 159 S 
290 0.0550 640 0.1115 990 O. 160 -t 

-< 
300 0.0569 650 0.1130 1000 O. 161 0 
310 0.0587 660 O. 1]45 ]050 O. 167 ." 

320 0.0605 670 0.1160 1100 0.173 -t 

330 O. 0623 680 0.1175 1150 0.179 ::t 
340 0.0641 600 0.1190 1200 O. 185 

m 
m 

350 0.0659 700 O. 1205 1250 O. 190 .... 
m 

360 0.0677 710 0.1220 1300 O. 196 ~ 
370 0.0695 720 0.1234, 1350 0.202 m 
380 0.0713 730 O. 124~ 1400 0.208 Z 
390 0.0731 740 0.1263 1450 0.213 

-t 

'" ~ 400 0.0745 750 O. 1278 1500 0.219 
~ 410 0.0761 760 O. 129 
~ 420 0.0777 770 O. 131 
n 430 0.0793 780 O. 132 :r 
CD 440 0.OS09 790 O. 134 
~ 
:Ia 450 0.0825 80D 0.135 
~ 460 0.OS41 SID O. 136 
0 470 O. 0857 820 O. 138 
9- 4S0 O. 0873 S3D 0.139 !l 

~ 
490 O' 0889 840 O. 140 

Z 
~ 

~ ."" 
~ ~ 

''1 
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~ 
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TEMPERATURE, K 

The provisional values are for high-purity ytterbium and are prohably 
good to ±20 70 ncar room temperature and iao'7o at extreme 
t.emperatures. 

- PROVISIONAL VALUES 

- (Temperatllre, T, K; Thermal Conductivity, k, W cm-1 K-1) 

--f-f-
SOLID 

T k 

123.2 O. 456'~ 
150 O. 423~' 
173.2 O. 402~' 

200 0.384* 
- 223.2 0.372* 

- 250 0.3()1':' 
27:3. 2 O. :154~' 
298.2 0.349':' 
300 O. :349':' 
:J2:L 2 0.347':' 

;350 O. :315':' 
:173.2 0.34:3':' - 400 0.311':' 
473.2 O. 338'~ 

- 500 O. :137':' 

-

I 

2 :1 4 5 

*EStimated 
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THERMAL CON))UCTIVITY OF YTTRIUM 
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REMARKS 

2 3 4 5 6 8 10 2 3 4 5 6 8 102 

TEMPERATURE. K 

2 4 5 6 8 lOS 2 

The provisiohal values arc fOl' well-annealed high-purity yttrium an:! are 
probably good to ± 10% near room temperature and ± 15 to ± 20% at other 
temperatures. The values below 100 K for k,l' kJ. , and k 01 are aJplicable 
only to yth'ium having residual electrical resistivity Po =P2. ~o, 8.70, and 
5. 54 jJO em, respecti ... ·ely. 

3 4 5 

T 

3 
4 

6 
7 

8 
\} 

10 
11 
12 

13 
14 
15 
Hl 
18 

20 
25 
30 
35 
40 

15 
50 
60 
70 
80 

90 
100 
123.2 
150 
160 

* 

PROVISIONAL VALlI gS 

[Tempemture, T, K; Thermal Conductivity, k, W cm-1 K-1] 

1/ to 
c-axis 

k 

0.0389 
0.0526 
0.0662 
0.0795 
0.0927 

0.106 
0.119 
0.132 
0.144 
0.156 

0.167 
0.178 
0.188 
0.198 
0.214 

0.228 
0.245 
0.248 
0.244 
0.238 

0.236 
0.236 
0.2:Hl 
0.2.17 
0.238 

0.240 
0.241 
0.245 
0.247 
0.248 

..L to 
c-3.xis 

k 

0.0138 
0.0189 
0.0240 
0.0292 
0.,0343 

0.0395 
0.0445 
0.04fJ7 
0.0545 
0.0594 

0.0646 
0.0695 
0.0742 
0.0787 
0.0870 

0.094a 
0.107 
0.115 
0.118 
0.121 

0.122 
0.124 
0.125 
0.126 
0.127 

0.128 
O. 128 
0.130 
0.13:3 
O.la3 

SOLID 

T 

o 
1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
18 
20 
25 

30 
35 
40 
45 
50 

60 
70 
80 
90 

100 

Polycrystalline 

k 

o 
O.0064R* 
0.0133 
0.0199 
0.0271 

0.0343 
0.0415 
0.048(} 
0.0558 
0.Of>28 

O.O(lOD 
0.07(j5 
0.0832 
0.0900 
0.0064 

0.102 
o. Ion 
0.119 
0.128 
0.142 

0.150 
0.151 
0.152 
0.153 
0.154 

0.155 
0.156 
0.157 
O. ]58 
0.15!) 

r 
123.2 
150 
173.2 
200 
223.2 

250 
273.2 
298.2 
300 
323.2 

350 
373.2 
400 
473.2 
500 

573.2 
300 
1373.2 
700 
773.2 

BOO 
873.2 
900 
973.2 

1000 

Ion.2 
1100 
1173.2 

Extrapolated or estimated. 

k 

0.161 
0.164 
O. 165~' 
0.166* 
0.168* 

0.16.9* 
0.170* 
O. 172~' 
O. 172~' 
o. 17:3~' 
0.175# 
0.177* 
O. 180~~ 
0.188* 
0.192* 

0.201* 
0.205* 
O. 213~~ 
0.217* 
O.22(i* 

0.230* 
0.239* 
O. 242~' 
0.249* 
0.250* 

O. 254~~ 
0.255* 
0.255* 
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THERMAL CONDUCnVITY OF hINC 
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TEMPERATURE, K 

ItEi\IARKf) 

The recommended values are hr well-annealed high-purity p'1l.vcrystal1ine zinc 
and are considered rlccurate 1.0 within .1:: :~"Io of the true values at moderate temperatures, 
± S"/o at high temperatures, ± 10% from 20 to IOO K, and J: 15'70 below 20 K, The 
thermal cunductivity at temperatures near 3l1(] below the corresponding temperature, 
Tm. of the conductivity maximlllh is highly sensitive to small physical and chemical 
variations among different specimens, and the recommended values below 150 K are 
applicable only to zinc having residual electrical resistivity Po = 0.00128 t,lO cm. 
Values at temperatures below about 1. 5 T arc calculated by using equation ( 7) and 
the constants m, n, and a" as listed in Talle 1 and the parameter f3 = 0.0525. 
Values for molten zinc are previsional and they are :n'obably gcod to ± 15%. 

3 4 5 

~ 
en 

RECOMMENDED VALUES t 

[Temperaturs, T, K; Thermal Conductivit.y, k, W cm-1 K-t] 

~OLID LIQUID 

Pol'yCIystalline 

T k T k T k 

0 0 60 1. G5 692.7:l O.4D5* 

1 In.O 70 1. 43 700 O. 4~)!J* 

2 :n.!) 80 1. 30 773.2 0.542 

3 55.8 90 1. 22 800 O.5!)? 

4 70.n 100 1. 17 873.2 O. 5D!l 

5 80.7 123.2 1. 16 noo O. GI5 

6 83. 1 150 1. 17 97~L 2 O. G57 

7 78. 7 173.2 1.17 1000 O. 67:l 

8 6!l.7 200 1. 18 1073.2 0.715* 

9 58.0 223.2 1. 18 1100 o.n/)* 

10 47.3 250 1. 18 :c 
11 :~8. 8 273.2 1. 17 0 
12 31. H 298.2 1. 16 ." 
13 26.5 300 1. 16 0 
14 22.4 323.2 1. 15 ~ 

m 
15 1!J.2 350 1. 14 ..... 
16 16.6 37:3. 2 1. 12 ~ 

18 12.7 400 1.11 » 
20 H.H8 47:3.2 1. 08 Z 
25 6. 26 .~OO 1. 07 C 

:10 4.42 573.2 1. 04 !:: ..... 
35 3.42 600 1. 03 m 
40 2.80 673.2 1. 00 -< 
45 2.36 6H2.73 0.9H3 
50 2.05 

* J.~xtrapolated. 
t Values for molten zinc are provisional. 
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TEMPERATURE, K 

REMARKS 

The recommended values a.re for well-annealed high-purity polycrystalline zirconium 
and are considered accurate to within :l1O'70 of the true values at temperatures below 
800 K, the uncertainity increasing to ±:20 to ±25'7o as the melting point is approached. 

2 3 4 5 

The thermal conductivi~r at temperatures near and below the corresponding temperature, 
T m, of the conductivity maximum is highly sensitive to smail physical and chemical 
variations among different specimens, and the recommended values below room 
temperature are applicahle only to zirconium having residual electrical resistivity 
Po = 0.218 f,lO em. Values at temperatures below about I. 5 Tm are calculated to fit 
experimental data by using equation (7) and using the constants In, n, and a" as 
listed in Table 1 and the parameter fJ = 8. 9~. 

* 

RECOMMENDED VALUES 

[Temperature, T, K; Thermal Conductivity, k, W cm-1 1(-1) 

T 

0 
1 
2 
:J 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
18 
20 
25 

30 
35 
40 
45 
50 

60 
70 
80 
90 

100 

123.2 
150 
173.2 
200 
223.2 

250 
273.2 
300 
323.2 
350 

SOLID 

Polycrystalline 

k T 

0 373.2 
0.112':' 400 
O. 224~' 473.2 
0,335 500 
0.444 573.2 

0.551 fiOO 
0.653 673.2 
0,750 700 
0.839 773.2 
0.918 800 

0.988 873.2 
1. 05 900 
1. 09 973.2 
1. 13 1000 
1. 15 1073.2 

1. 16 1100 
1. 16 1173.2 
1.13 1200 
1. 08 127a.2 
O. fl06 1300 

0.761 1373.2 
0.663 1400 
0.590 1473.2 
0.538 1500 
0.497 1573.2 

0.442 1600 
0.402 1673.2 
0.374 1700 
0.350 1773.2 
0.332 1800 

0.302 1873.2 
0.278* 1900 
0.265* 1973.2 
0.252* 2000 
O. 245~' 

0.237* 
0.232* 
0.227 
0.224 
0.221 

£xtra.polaJ;ed or interpola.ted. 

k 

0.218 
0.216 
0.211 
0.210 
0.207 

0.207 
0.208 
0,209 
0.213 
0.216 

0.223 
0.226 
0.234 
0.237 
0.246 

0.249 
0.257 
0.260 
0.2G7 
0.270 

0.277 
0.279 
0.286 
0.288 
0.295 

0.297 
0.303 
0.306 
0.312 
0.314 

0.320 
0.322 
0.328 
O. :330 
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THERMAL CONDUCTIVITY OF ACTI}UUIVi, Al\1ERICIUM, ASTATINE, BERKELIUl\1, 

CALIFORNIU:;'vI, CURIUl\1, EINSTEINIUM, FERIVUUIVI, FRANCIUM, LAWRENCIUM, 

}VIENDELEVIUIVI, NOBElJUl\1, POLONIUIVl, PROT ACTLNIUM, ELEMENT 104, 

ELEIVIENT 105, ELEMENT 106, AND ELEMENT 118 

No information is available in the literature for the thermal conductivity of 

these elel11ents. Very rough estimations of their thermal conductivity values at 

300 K have been made and they are given below. For details of the estimations, the 

reader is referred to the comprehensive volume [1]. The values are very uncertain 

and are probably good to == 50%. 

Actinium 
Americium 
Astatine 
Berkelium 
Californium 

Curium 
EinsteimulTl 
FerI11ium 
FranciUlTI 
Lawrencium 

lVlendelevium 
Nobelium 
Polonium 
Protactiniun1 
Element 104 

Element 105 
Element 106 
Elelnent 118 

J. Phys. Chem. Ref. Data, Vol. 1, No.2, 1972 

Thermal Conductivity at 300 E 
(\V em -1 K-l) 

0.12 
0.1 
0.017 
0.1 
0.1 

0.1 
0.1 
0.1 
0.15 
0.1 

0.1 
0.1 
0.20 
0.47 
0.23 

0.58 
1.9 
2.3 x 10-5 (in the gaseous 

state; N. B. P. 
262.5 K) 
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